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2 <4 ¥ (Allium cepal.) iZe H Vv N FROELRATH Y, + ¥, =7,
—v=r 20U Lo BRAEMAEEIN S 2 FE(Alllum) ICJET 5.
el cor~x2FoREEZRAZvERLELEBT YT TH DB LE
FEZbNTWw53, fLILHl 27~25 I I cicz Y 7P eI T
WZERERASH D, HIE XS b o A it e & T v B (Shigyo and
Kik 2008). HA~ LA RRICEM L 7228, EEORI IZHIRICA > T
220, LEERTERT AV APLBEBALLZIERBTY L IND.
2018 fF D R IFMAE 1L 26,200ha, [ 1,155,000t 4 & % 75 5 2 HY
XTh b (BMOKEBKEE 2019). E i iddbimeE, EEE, kE
RalLc, hohEMibsEAZIEEIZEERD 6 &l % o 3 KEH
Lo TWwd, KICEETI2EHAD 2 ~4 FHFcxL <, dbiFEo
WEARRTIE, BCHZEML, Eo&b 0 U, KR L X%
WL CHfrEh s (Fig. 1).

HARTAZA~AFICRETZHEIR 35 ErAAILNLTHWE, 205 b
Botrytis JRWIC X 2/ E N 5 MR I N Tk Y, 7THD Borrytis J&H
5 L Cw3 (NARO Genebank 2020). Z 3 & ® Botrytis B O % 1
ZnpglE R IEROFEIT R A2 GRAE - PN 1939). 2z hic
WhBFELEG20NTVW3b0D, Wihd g2~ FOLEITHEFEE
Fb, LELIEAEBHROREB D X< 4 FIE TN L 2372 W [ IR o i B
EELZ 0, dLilBEICE W T Botrytis @ IC X » THI ERZ & h
pEEMNE THHEMMK] &L TfoTwa., 205 bEEEK»RE

) 72 KBS WO 12, EBE W O B IR G L CINE ~ I o % <
1



F&hiE 3 % (Chilvers et al. 2004). INH#ERZ MY ICEEEREEC 37
W, HFTHEEELEPEENKE W, 1970 F£RI1CIEF 0 KO JE BUE AL
B D 2 < A XKD 5N BEICHEL THELd oL (AR -
WIHE 1981). EFETIHEENICHET 2HRECTE R D DD, 1993 Fo
SREEZTRENGRRAEITONZEHED 50 E, BRENLTSFHE
PBEINZRETDHE. L2LAarS, KFOREDL L HKICE LR
BRRERZHFICOVTIEAHLEE I NEL <, 2242 FOREEM b L&
TOLHTHENRIIREKkD b, 72, KOFEIHEOHIEICD W T
X E N Tt Botrytis allii Munn & XN CT & 7228, ZOnHFE Lofwic
DWTREELTELT, FEFIYFRODEICEWTIE, B allii 3TFHE
LA 2SN % 7 B. aclada Fresenius & [A1# & Hl7s T & 7z (Nielsen et
al, 2001). 2003 4EiC Yohalem & (2003) | B. allii 78 B. aclada & B.
byssoidea].C. Walker D ~4 7 ) v FfiTH B Z & ZWMEL, Th bz
M L7zfeE LTSI T E2RELAZ, 2o lhb, BHNOKABIEK
JREICDOWT Y, BEFRPHERICOVWTHD THERT I kDb N
7z.

FHIT 2010 £ 5 2011 £ F 0, dbiFETRATTIEHEE GERIP)
£ JFEHMit vy 2 —T, 201245 5 2020 £ % CHPREEABRL

N

¥

BT, WERECTH 2 KEFRIROFEERE, HEROHBRES L O
PibricBed 2 & - HoE %

DTH 5.

fTo7. KGRz oER2sLEVT DY

KRR EZITIICHY, 20O HE, TXEL2G-7-.
e E R B = R EA M i I3 BY) 2 ZIRE & B 2w

7270w, RIFEONEKICE DI HAEY R TS 2 W27 Wizt
2



RERTHEL, BHMNRK, REABIBIEL, THEHE VL ZENLE
T, WEZRITICE KRR CHB LB 2EE2H o 2 AHRKRK, kb
B, BAESEL, BSABREZTCIR T ZwiRillFEkic®
DXV EHHBHL ET 5.

i

Mz T, HHFEICL > THEREIIIE, L oEHRErVZZWwE
S0 DOBREGFAMAFEERK, JAZZALWETHERZK, WbiaIDH
REGRMASGRAFTNK, HIFEFMEK, FHREEXRE R LY 2 - H
R (BRTBEERRYE Rty 2 —), HiREERRYE K+ v & — il H
fOR (BIHMREEURE Kty 2 — R HIRSCT) Zix Lo e LR RE
BRME Ry 2 —D 2 ICELSBILHAL LT3,

b E R TTEVE 7 4 — 2 PRS2 v 2 — BRI R ELS (R
A - SIEATE EE T INICIPNES A S 2T T E S NS e RN N
e 2 2 B 5% Be B0 FE B 1 L TR K 24 e R 2 B 9 e sl Rl K B B 2 1 1
FAFO KB EZB 7. Z ZICESEHEL BT 3.
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May lJune lJuly | August |September |October ~April
Operation | Transplantation forced toppling  harvest Storage - shipment
Leaf growth |Vesitative growth _ neck fall
Bulb growth bulb initiation development

Fig. 1. Growth Stage of onion in Hokkaido (e.g. middle to late maturing cultivars).
a: Onion plants in early June; b: Onion field in July (bulb development period); c: Onion plants in bulb development period; d: Onion

field in mid-August (neck-fall period); e: Onion plants in neck-fall period; f: Onion plants in early September (after forced toppling);

g: Onion field before harvest; h: Onions sorted and shipped after harvest.



1. &~ % X KEGEKH

&= 3 FIREEE (onion gray-mold neck rot) 1425 o o 31 &G
L CULHEHA ~ B gd o o % 32 T HAE 3 % (Chilvers et al. 2004). Ko H
RFEEICEBCT, KECTEFTTOECHE PRI N LRIZEAL
72, WHEZRICHKOBERUER & L CRIEVHER S NS, BHRKRCTIIERM
2 HIRETE (B, ) TWEOER, E, 24T %2828 10K
L, W FICET» 5K E~EE IS 5. 5 G Rk o N
FTAVAOPTIEHRO X5 2BHEITIZEA LRV,

A - B (1981) 1%, 1975 4ERi#2ic 351 2 @M D Borryris B H I X %
B dl I D Fe R BR X 5% iR CHER L TH Y, Z0% IR x v FK
B ERE T H B Botrytis allii Munn 12 X 3 DF o772 L &G L Tw 3,
AFRIEFERT 2 EAAMONT 32, FEMHEZRERE L7z IN#EE
D RIIHER T 0T (R 1981), %7, BIE oM T ft#a A% T <,
Iz Lo aftERROA TRV, 51, KEEHOME X
A XF~DRIENIFHL, BRECIARERDPRESEET LI EINS
vy, EHAMT O BRECHBFEMICE T 2MAITZ L, EE, KW
HRELTHEZLDZLITHRETERAVDDOD, BRNICELHFET I LR
RRETCPFLCREZ A FOMIEIAMIC —ERET L L HEEIREL
RLUHEMER DD LS, PR L CEHINIRETH 5.

2. &= 4 ¥R G HOR O IR IR

2 ECRAFOREE & LC B alli DBADWME AT, HT Y
5



T WT, FESCEEZR L TIE gray-mold neck rot DR & LT B.
aclada Fresen. b ¥ 5 ¥ 1 T\» % (Zhang 2010b; Hwang et al. 2016). 7§
N2~ XFOBEEXRTWD O il 2 MM LRI FEIC X 2305
X W ¥t CH % (Beever and Weeds 2007). £ 5 & Botrytis J&HE D 57 FH I
BT, B aclada 2 O DBIEMICHESZ ST 70— 7 Al & All THE
B & 3, B. allii 13 B. aclada ® % 7 7 v —7 All LRI TE%
(Nielsen et al. 2001; Nielsen and Yohalem 2001). Yohalem & (2003)
3, BB RICI o X B aclada % 77— 7 AN(B. allii) 7
B. acladaX B. byssoidea J. C. Walker D~ 4 7V v FETH 5 Z & ¥
HL, o ZBENERICESCTHY LML LTld 2 RE
L7z, a3, Ballio~ A7)y VIREIE, 3O00K%EET (7Y 20
TATeR-3-VvBTerarr—+¥%i2a— V35 G3PDH, B a v
72 v NXIHEH 60% a— 35 HSP60, DNAKHFME RNA KR Y X 7 —+%
H7a2=y [ lZ2a— K43 RPB2) 2»6D DNA v — 47 VAT — &IT
O RMMENTIC X o CTHER LT % (Staats et al. 2005).
ZoficlrE b O BIERD> O XS Botryrs B#H & L T, B.
byssoidea (W AXMWIEBIRE ), B. squamosa]. C. Walker (= Botryotinia
squamosa Vienn.-Bourg /NE X JE MR E) & X O B. tulipae (Lib.) Lind
BiER I N TH Y, JeiEE TiE, IEch O ER 2 & B. byssoidea 357
MEInhsaz b\, £/, 2D b B squamosa [ FERNIER % 5] ¥
T ERETH I LI, EMNIERDLOEBKRE 2 THRE D
Botryotinia fuckeliana (de Bary) Whetzel ( = Botrytis cinerea Pers.) b 43

ftx s,



3. F PV FREWICX T 2 %E Al & AT M

— 75T, Botrytis BE Z 1T L0 L T2 RRE A5 ER T LEOEYIHN
EICH LT, RV XA IXYV—ARHEK (MBC) 12 X 2 BiBR 2319704 1%
oA TITObNTE L, LiBED Z <4 FHEICEWTDH, K
JBHRICH L TRy X4 I X =L R#EHITH B~ I AKAFD 3
Wi F A7 74— P XAFAKMAIBFEHINTE R, RV XL IXY—
i, B-Fa—T Vv Ry ANITHICHAT S LI XY BUNE OB
FHEL, Zhic XY RENEEZ RS 2. IMEORKIZ, REALE B-F
2—7 Y volofEEHAE2ET LTk Y (Davidse 1986), 77 F L <L

T, B-F2a—7Y v TDORAKER LEIEHE L T % (Koenraadt et al.
1992). JK €5 U D IRIR B B. cinerea® 7 FE M E#E (benHR) Tid, 198
BHD 2 FVYBGAG (Vv &2 I V) »5GCG (7 7=v), GUC (VY
VY ERFAAG(Y Vv ) ic B n, FREE O Y% R § B K (benMR)
T, 20086 HD 2 FYRTIC(7 2= AT 5=V)BLTAC(Fuy)
KA I N T WA e BHE ST N T3 (Koenraadt et al. 1993;  Yarden
and Katan 1993). % ~ % ¥ ®neckrot T % L/ L (Nishiguchi et al. 2000),
I ®=2—vY—7 v F (Viljanen-Rolinson et al. 2007) T ¥V X 4 I X
S = VI EB. alliio WE DN H B, Tz, WEEEKRE R L EEE
(Yamaguchi et al. 2002)ICE VT D X <% 4 ¥ Dneck rot TORY X4 I X
V=R ARG S L CWwB,. L2 L, B. acladal B. allii® FIF I D
WTiE, nEFLEOREDZYD, T4 E TICB. acladal B. allii% IETE T

A %€ U C Mg & o AR AT 2 iR L 72 FH 01 7.



4. 2= FKEJEBIRE D BB

AT P OEOREBITIZEALR SN, IR A H
I N ECIEBUER 2 RET 2 &0 REREE LI L I3 7
o, HlE2KNEECH 5L T3 (Chilversetal. 2004). FEERic, JdviFE
ICHWTHETO KGRI S MY < ol o MREREHICBE 3 2 %1 A
Yhodc, FEKOBKRZRIT s e 2HMWE L CTHEIIREA 2 S I
Bl CEABAL{TOR TS, LALAa2S, 2003 F0mEFEICS
FLizREZoBBRTMAbnd, 2HRTIRBLEREZMHL -2 £,
ZNICHED KN L ViREDOMEZE KD b Tz,



H3E Z= 3 FIROIEBOR O FE AR

ARIFEE DFE TR 21358 <, EHER Tl cie 5.
£ = A FEICIEBD Borrytis J&H 23 & L T HBLAE IR KR AR K BE 28
LT 2720, BEBRIC O 2 WEEOBE, Kih o HWICED SR
fFiC oW TEBAWRED 2% . JbiEIcE T 2 KO FEAE L 1998 4
%L CTURE, BEFEEHEEHIR . 20D, KFOFEAEEEL

HEE OB IC O WTTHE AT - 72,

1 R

ARFEEOEICE T 2 WBIEAHAK CH VB D ER ITRIETH 2.
Tbb, FEARC TuEOHL, KEFROBFHKS ABIER % & DJE
R (Fig.2-A, B) 2 "3+t 23H2b0D, HHEHO L L%\ (Fig.
2-C).

AIFiE, FICH P OB FREEICRIET 5. I L OBEEHNIRIC
KEBREBEDAE L 228, AE2 LKA T&E v (Fig.3). A RED
L, KERKBEIZIKE~FEEICEE L THENTICIERST 2. KR T
DHEF B IC T ERE L 2% <3, BixRmcEEBOMBEROFEK %
L, vre—FRokteorUO%24 L% (Figd). BREFIZELAY

2\,
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Fig. 2. Symptoms appearing on the inoculated leaves.
A. Water-soaking rot.
B. Blight.

C. Asymptomatic infected onion (1 month after inoculation).
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Fig. 3. Symptoms appearing on bulbs.

A. Early symptom on the top of bulbs: Hard to see from the outside.

B. Early symptom on bulb: Water-soaking rot from neck.
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Fig. 4. Symptoms appearing on the bulbs after storage.
A. Appearance of diseased bulbs (A-1) and black sclerotium forms on the surface of the bulbs (A-2).
B. Water-soaking lesions turned gray to brown and expanded inside of the bulbs.

C. Velvety gray mold on the outside of the bulb.



1)75 i

2011 5 2013 4EICHEAIBT @ 15 F s X O 2011 20 5 2014 4EiIc E BB
TDO2FOAEEZFCLYVINEI N THREE IR E N 2~ 3 FERIC
DWW, ERYCTKEFEIRORFREzMAEL 2. HEZERICHT S5
RoBEHBEIR 2 & L, JEEER 2 & KO8 BUR 0 EIR % 2 L 72 3k 2 %
AL, HEOCUIl L CREBRORFER Z HE L, L. REFI LI
I3 Kay s FHMETHEL, 2v7FH7%D 6,0008ke LT
RIFHRELZHEHE L2, BATCIZ 20124 3 419 HIc 2, 3H26H
C3F, 413 HIC3F (wIFnd 201l FEL~+F%HFHE), 2013
F4H10HIC 47 (2012 4F3), 20144 4 A 2 Hic 37 (2013 4E5E)
CDOWTEFav 7T+ 2~80E2zH|EL . EREH CIX 2012 4F 2 A
SHIC4F, 2A27THIC3F, 4 H10HIC3F (Wb 2011 FpE),
2013 4% 3 H 13 Hic 3 7 (2012 4EpE), 20134 2 H 27 Hic 3 7, 3 H
19 Hic 37 (2013 4E), 201542 A3 HIC4F (2014 4EE) iIT2 W

TE&EFav T 1I~3E2z#HEL . SEEF T~ [dLd A& L 2000J.

2) f B

(D) HAET T, FAELZVTNOEDRENRD ONZ, 3 2IEBL
TI5 Fh 8 FCRAEND o 7h, HWREKIIKMa2 v+ 1 EH-Y R
% < 0.4 flil, ¥ < 0.081f & bF 5757 (Table 1).

(2) ERFH T, FABLZVTNLOEDRENRD LN, 3 2EM
LC23 9 CRELRD >0, BWKEFIRMEavyFF1EHLD

%< 3, FHT04flLbT 27 o7 (Table 2).
13
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Table 1. Incidence of gray mold neck rot of onion during the storage period (2011-2013, Yubetsu).

Harvest Date of Number of Number of _Number of . Ratio of
Farmer . . diseased bulbs diseased bulbs
year survey  survey containers  diseased bulbs .
per container (%)

2011 A 2012/3/19 54 8 0.1 0.00002
B 80 3 0.04 0.00001

C 2012/3/26 44 0 0 0

D 36 0 0 0

E 50 0 0 0

F 2012/4/13 30 0 0 0
G 40 2 0.05 0.00001
H 24 5 0.2 0.00003

2012 I 2013/4/10 24 0 0 0
J 36 5 0.1 0.00002

K 28 0 0 0
L 26 10 0.4 0.00006

2013 M 2014/4/2 2 0 0 0
N 34 1 0.03 0.000005
@) 52 8 0.2 0.00003
total 560 42 0.08 0.00001
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Table 2. Incidence of gray mold neck rot of onion during the storage period (2011-2014, Furano).

Number of

Harvest Date of Number of Number of . Ratio of
Farmer . . diseased bulbs .
year survey survey containers diseased bulbs . diseased bulbs (%)
per container
2011 A 2012/2/3 2 0 0 0
B 2 1 0.5 0.0001
C 2 1 0.5 0.0001
D 2 0 0 0
E 2012/2/27 2 2 1 0.0002
F 2 2 1 0.0002
G 2 0 0 0
H 2012/4/10 3 2 0.7 0.0001
I 3 2 0.7 0.0001
J 2 0 0 0
2012 K 2013/3/13 2 0 0 0
L 2 2 1.0 0.0002
M 2 0 0 0
2013 N 2014/2/27 1 0 0 0
O 1 1 1 0.0002
P 1 0 0 0
Q 2014/3/19 1 0 0 0
R 1 0 0 0
S 1 0 0 0
2014 T 2015/2/3 1 0 0 0
U 1 3 3 0.001
\Y/ 1 0 0 0
W 1 0 0 0
total 38 16 0.4 0.00007




3BT ZREEROFE
KIFITHEEDOFERM AN KR E L, REST 2 HEHNITIZAERMp, &<
BRI 2 O INEIC AT COLMBEET LI L EDLDRA TS, £
72, MEDOREN R L HEFTH 2 1993 FREEFETHo72. 2 C
T, BFICNTIBEEEROEE O OWCRE, #AELE. 7, IE
D ERE, Bh 2EBBCiTOR BRIV ICXY, INEETICX <R
Foi Lo L2300 g, BEXoWW (5) BNickET 5.
Z DBINERF~INER ICERZYIBL CX (k) oriclLTcavy T
TirEINng, 22T, irEEomM EZHKWE L CiTbil 2 BYUIH 2
FIRICKITTHE OV L R L 7.

3-1. #EL BN E
2012 5 X UF 2014 4Fic, EifE L 2BWORE X RIET 2 29, BUKIC X
S THMEHEZHBL, BKkoBFEICX 2RK2HEL .

1) 75
a) 2012 ERE

HOK 13O R BRI BOK X (BRIE KM~ IN#ER/T) 7H 17TH~9H 7H, @
LEEZEHOKX (BRI~ IN#ER) 8 H5 H~9 A 7THZ#&J, IX¢b
ROBUKEBZ R WCHEH 17 K25 15 0ME0k L 72, BRI LM
TCEMLAZ., BEMIZ7TH 18~20H, 8 H6 H~8 Hichd+ 1x10°{#
/mL B b oS RE 4 T BB W % 100L/10a MEEEL 2. wFhdiE
T IIBOKBRICIT - 72, B EN T NS iy (ERE: T d
A L 2000]), BERT 30cm, KERT 13cm © 1 X 5.52 nd 3 #fl & L 7.

Brogirp L HT R © 2 mic o I CHR 2 o 2RO R 2 AL, HKEKZ
16



MEICTIWT L CIR B SR SR BR 2 515 L, 2 Mo & @ & 5F % FEHREREL
L7z, PAEBRE L FBWIRBIZ 2 RE D AFE, BREK% X EOFH %
R~ L7, #AEIT 20124 11 H4HE 20134 2 H 27 HicAT - 7.
b) 2014 4E Bk
HoKIZOEMMBOKX 7H 1 H~9 A 1 H GE S~ IR, @4
BHIEHOKX 7H 1 H~8H 6 H CGEEXIA~ERI), @4 F % 180K
X7H25H~9H 1 H GRKIEXK#~INER) 2& 430, I 2 R0
KEBE A CTEHEHR 17H2 5 15 MEOK L 72, BN OMEZ RS 2
2D, 6 H20 HIZ A4 Ty 2D EHIc e =V ZRo ML T ZFXE L
7. ¥EfEIX 6 A 24 Hic KF87 W oW RRE 2 HE L2~ ¥
RECHERLZBE&EZ RO % RIIBEE 2K FAEICR T2 X9 ICE
CREDTZTIRAF Yy 275 —RC AN FicEd, #hAYTHE
LT, 1RICO2HEDH 2 2Tic 17— 23>, AERXHE D@ IC
MEICHBELE, £, TH16HB X255 H, Ao ic 8 6 H, 13
H¥ X 27 Hic, KF72 Btk & KF87 Witk T HEHRZEFEBREAL
T 1X105ff/mL LA E & L, 100L/10a BFEHEML 2. Wb EZEEME
FWOKEICAT o 72, BT EN T NS v (EEEE : Tdbd AU
20001), B 30cm, #RME 10cm @ 1 [X 6.09 f o 3@l & L 7=, BF
LEFE B O 2 BICH T CTH R S BIROFREFAE L, IR & iy
W L CIR B R SR IR 2 518 L, 2 Bl o FAE O & EF 2 W EREL L L 7.
TR BB L R IE 2B O EE, BRI RKEOFH R L %k,
HEIR 2015 1H8HE 4H2-6 HiCiT» 7=,

2) R
17



a) 2012 4F R Ex

20124 7H 17TH~8 H4 HoE/K&E (X 70mm, 8 H5H~9 H 7 H
DEKEIZ 167Tmm T, 8 H 5 HEAKE, MEUKX b Wik #yI1c B RREM 23
HLEMTToRE > 72 (Fig.5). TD7=®, HFEHUKIKX & HEEK
XCcHEGOBNLICKERECTRDONL AL o7, LarL, 7 AdAH
b UK % i o 72 RIAMBUK X 0 w1, BRI 2 & 8K % 4h 72 % 2 851
KX B L OVEHAKKX LY S %257 (Table 3).
b) 2014 4B

2014 F 1%, AR ICEKEIT DR o 2 HBRFEBUKX B X VHEEKX T,
FIE2IC X VEHRIAA R E D, 2o 2 B IZHERPICBYVERLE o
2. TOEETT, AFMEECHUKEZIT > 2 RIAREUKX & #% 25k
XCTOHW% v o 7= (Table 4).

18
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Precipitation (mm)
== NN W W B
v o U o U o v O

0

Long-term water sprinkling

a

-

vyy

Water sprinkling in the latter half of cultivation

7/17  7/24  7/31 8/7 8/14

8/21 8/28 9/

Fig. 5. Natural precipitation during the sprinkling test (AMeDAS, Takikawa 2012).
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Table 3. Incidence of gray mold neck rot of onion under different watering conditions (Takikawa 2012).

Water sprinkling treatment Watering period Date of Number of - Number of Ratio of
P g gp neck fall  survey bulbs diseased bulbs diseased bulbs (%)
Long-term from 17-Jul to 7-Sep 6-Aug 348 47 13.5
Latter half of cultivation from 5-Aug to 7-Sep 6-Aug 248 16 6.5
Non-water sprinkling - 6-Aug 366 26 7.2

Onions were forced toppling on 21-Aug. Bulbs were harvested on 10-Sep and stored at 5°C.
Inoculation with spore suspension on 18-Jul, 19-Jul, 20-Jul, 6-Aug, 7-Aug, 8-Aug.

Water was sprinkled daily from 17:00 for 15 minutes.
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Table 4. Incidence of gray mold neck rot of onion under different watering conditions (Takikawa 2014).

Ratio of
water sprinkling treatment Watering period Date of Number of _Number of diseased bulbs
neck fall ~ survey bulbs diseased bulbs %)
Long-term from 1-Jul to 1-Sep 3-Aug 305 77 25.3
in the first half of cultivation  from 1-Jul to 6-Aug 3-Aug 314 39 12,5
in the latter half of cultivation  from 27-Jul to 1-Sep 22-Jul 294 73 24.8
without water sprinkling - 22-Jul 304 51 16.8

From 20-Jun, test area was covered over with vinyl to eliminate the effects of rainfall.

The test plot, which did not water sprinkle water in the first half, accelerated leaf fall due to drought.
Onions were forced toppling on 19-Aug. Bulbs were harvested on 3-Sep and stored at 5°C.
Inoculation with screlotium on 24-Jun and with spore suspension on 16, 25-Jul, 6, 13, 27-Aug.

Water was sprinkled daily from 17:00 for 15minutes.



3-2. KRR LREOMGR
1) J5ik

5, 15 B XU 25°COGHEREBMNT 9cm K v MICHE X 72 4-5 FEH D
(SRR TdE D A L 2000)) ICMEE A EEZEEFEL C 1EMEe =1
RCEBEZERD, Zo0BMECHELCEHL, BRrzHAEAEL -, BEHEK
Wiy vy A4 ETF A b e —2#EK(PDA; Difco Laboratories, Detroit,
MI, USA) I 20°CT 2 BH}EE L T1& 5 7z KF-Bald WH (B. aclada)
DRl REIR (1X10°ff/mL) % F w7z, $fE 20 3 X O° 29 HIZICMU T
DRIFIB TR/ EZRE L, BIRE=100x = (BB FRER X 550
SAXREEROGFHEACRFELBEN L, X 5ic, 29 HZ O &M
BB 07ZohoBE LIEW (HBHED) » oo 21T\, FWitk
IR TCH A S N RO A TREER % 2 R L 2. BRI 5B
/Ey P X3KEy FOMETITo 2.

FRIEHC: 0, FAaL 51, TRHECMLEZZRTIER: 2, L~
fLZEIC S FEHE 5 3, AhsE

2) K%

515 BX U 25CENZFNOREICE T 2 FRIKE XM 20 H# T 5,
40F XTI THo7-. 29 HHETIZ6, 62F XU T70 & D O YL
DBERFVIZERIFEIE D2 - 72, 29 HE ORI % 13 2 £ 1 70,
94, 88 T, S’CHEM T 29 HRIC KM AR D R WETDH, Hh BB m i

JECRY L Tz (Table 5).
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Table 5. Infection of gray mold neck rot of onion under different temperatures.

Infection Disease severity” Ratio of
temperature 20 days 30 days infection®
§9) after inoculation after inoculation (%)
5 5 6 70
15 40 62 94
25 71 70 88
non-inoculation 0 0 0

a Disease index 0: No disease, 1: Withered or sporulated on lower leaves,2: Disease on upper to middle leaves, 3: Death
b Ratio of infection was calculated as the sum of disease-causing plants and plants in which the pathogen has been isolated without

symptoms.
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MENE DB % 5Vl 3 2 720, ERIER O %% 2 7238 Gl F it
fE[X : 18kg/10a, JHAEX : 6kg/10a) %, 2013 F 1800 D 7% % FAM 3
% 7=, BIEKR B (W, BRIERFHEM) 22 2 =3Bz £ L 7.

1) J5ik
a) MR & D E

WA ST, BERT 30cm, R 13cm @ 11X 5.52 nf ® 3 # i TfT
572, 201145 A 19 HIC 2~ XM 2 EE B LR, 8H 4HIC
fld+ 1 X 1054 /mL LA |- KF87 Bk JiF i i + B K = 100L/10a 5 7%
R L7, WEEEIZYTICI R RO BUKEE CBUKRIT - 2. BIR
Mz 8 HI9HICWx, RBYUIV%Z 8H 24 HicfTo72%, 9 H 9 HICIU#
L, B¥ztk: 5°CTHFR L 7z, Bk 2011 4 11 H 4 H & IFft o 2012
F2H21HICHAR»2RORBFREZFAEL, BHBRIKRZHEICUIM L TK
EIFBOR ARG L, 2 Mo@EO G % FBWKE L L, HAK
B RWHRE T REO AR, WK% IEREO TP ZTRL 7.
ABRIC 3B\ T Borrytis JBH I X 2 HBERFE OBk 29,6 H 14 H
TIATYF LKA, 6 H29HFK R AV FAKMHF, THI3HZL Y *
LA F VKR % U L Tz
b) MEAERFHA GEAE) o %

BRI TR S T, BERD 27cm, KRR 10.5cm @ 1 X 2.7 nf @ 4
A TIT o 72, 2013 4E 5 A 20 Hic &% <= & ¥ ifi % W35 i Al L sss, 7
H16 H, 8 H6 H, 15 H, 29 HicZEEFENM T 1x105{#/mL L ko

Ya2C FHHfE & KFS7T ik ZERBEAL 2R W B EiK © 50L/10a "
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HGHMEL, 8H IS HICY Y —L CTHE#®ELZ KF-87T0EELY 1 Kico %
14T oBBXPIIcEREL 2. ke XicEHzEy 12kg/10a & &
e LCchil, EEXHo 7 H 1 HEEREXMKBHO 7 H 15 HIC
6kg/10a Z BB L 7. FIfRIAZ 8 H 9 Hicilx, MUY % 8 H 24 HIic
To/t, 9HIHICINEL, Mk 10°CTlFE L 72z, IFEHh o 2014
F1HUMAHEEEED 4 H3HICHA» b 2ROBHREREL, BK
BRAEMICYIM L CIREBIEBRFERER Z 5L, 2 B oA D& & N
BREE L7, AERE L BREKRBEIZIEREO G, K% ITRED
B L7z,

AERIC B W T Botrytis W IC X 2 AR EM B OiBrD 29,6 A 14 H
IATYF LKA, 6 H29 HFZRAY FAMA, 7H1I3HZL V *
¥ LA FIKFIA & B L T

2) iR
a) HiftE o FE

WX B 2 ERMNWEROFAED 2 WiF LX< HIK & & hE AT
CERNT 2 EZOoNEMROBREGRIZDONRD o7, BIEKTH
WER90 11X 19.8, ZEIX T 205 LAUHEMELEL, EREEEDO S D IC
L BRIF~DHEITHR L LA o7z (Table6).

b) MEAERFHA GEAE) o %

2013 F o BRI 2 2 2 7= llR < id, HWEK%1E, BEALXTI.2
Cxf L, BEELRHOBEE 1 X T 7.1, RIEKFEBHOERE 2 X T 11.0 &
ot WMHEMENAL, BRCXZ2HEF~OBEBEZHARLE LA

(Table 7).
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Table 6. Incidence of gray mold neck rot of onion under different fertilization conditions with water sprinkling (Takikawa 2011).

Nitrogen fertilizer Ratio of
e . . Number of Number of .
Fertilization conditions application survev bulbs  diseased bulbs diseased bulbs
(ka/10a) Y (%)
with reduced fertilizer 6 308 66 19.8
with increased fertilizer 18 311 63 20.5

Onion leaves began to fall over on 9-Aug and forced toppling on 24-Aug. Bulbs were harvested on 9-Sep and stored at 5°C.

The spore suspension was inoculated after watering on the evening of 4-Aug.
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Table 7. Incidence of gray mold neck rot of onion under different additional fertilization (Kunneppu 2013).

Grg\_/vmg stag_e _Of Fertilization Number of Number of ) Ratio of
additional fertilizer . diseased bulbs
L date survey bulbs  diseased bulbs
application (%)
Vegetative Growth 1-Jul 156 11 7.1
Bulb initiation 15-Jul 184 20 11.0
without additional fertilizel - 220 20 9.2

N=12kg/10a of fertilizer was applied before planting.
Onion leaves began to fall over on 13-Aug and forced toppling on 28-Aug. Bulbs were harvested on 11-Sep and stored at 10°C.

The spore suspension was inoculated on 16-Jul and 6-Aug, 15-Aug, 29-Aug and screlotium was placed on 15-Aug.



3-4. WYY o FE i A

2= Xk, EHXHERLAZZDHM LN L2325 £ Tl R
. MUIDIEEEF, HEToMh ERY 2L CHT 2B, IF
Bz m® 2 e HIC, @%, @Ko 2 HMBEHICITONS. L
L b, LEHRG T, Minbk2) 2808 CARED BEEK%E
Mt zHo TRUVIEELZEOR 2 03H 2. RYIVEN
3, MEOENLZ L7260, HRLAX~AFECLCHTOE L O HIFE
PRATIEEEZHPT L BEINS. 72, BUIYVERITHWI
L ENZ EERBM2AELS RS2, 22T, UToRABREZIT W, @0
HEBYUIY 2 1~2 HELES ¢ 20, 52 Wwid@EHINEERY Y - X
ey 2 HMBEEELRZNUETCORKEZ LI L 7.

1) 75k
a) 2012 g )IEABR (Bok - MEEUK)

g=FFmE5H 15 HICHIGICHHELAE L. 88T 7 H 18,19,

20 H, 8 H 6, 7, 8 Hic KF72 Btk & KF87 Wk D 4 4 1 B (1x10°
fil/mL) %% 8EA L T 50-100L/10a BEFEHERME L 7-.

B X T BER] 30cm, #¥RM 13ecm @ 1 X 5.52 nd @ 3 @ #H]Tfrv, RY)
DRIl L Bk o A2 Z 2 2B 2R T 2. $4abbORY) Y jE
(BOK), ORYIvEN (Bok), QWYY EH (HEBUK), @RV Y EAN
(fE8UK) & L, I IZ—FicfT > 7= (Table8). IN## 3@ L 5°CT
I L 7z

¥R T ook 7H 17TH» 9A 7THETHEH 17 K2 b

1577 2 A P R BOKEE CTIT-o 72,
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FIRa A T o 1 H Lo 3 HE 2134 Ho 2 [\ics J Tl
Bpo2ROFEREZME L, HEBEKZHEICYIRT L TR FERER %2
AtEL, 2 BoMEDO A ZHWEKE L L7z, ERE L BRKLT 2
KEDOER, FBWREKWIIKEO VI ZRL 7-.

b) 2013 43N rf el B (M H oK)

A~ Xk 5H 20 HiICHIB I LR L7, BEI7H 16 H,
8H 6H, 8H 15H, 8 A 29 HIc Ya2C Hitk & KF87 Btk @ 2 4 7 &
W (1x105ff /m) # Z8EA L T 50L/10a EHFHEME L, 8 H 15 Hic PDA
F 9em =PV CHREELZEKZ 1 XH720 1/4 K5, BRIk
ICRE L 72,

HEA K IL MR 27cm, R 10.5cm @ 1 X 2.7 i@ 3 8 & cfFv, 4R
Uy EINHERIHZZ 2 723X 2072, T42bdORY] Y #EH + I
B, QWYY En + IEED, QWYY En +INHEEN & L 7 (Table
9). INFEH IZJEFZ L 10°C TP L 7-.

RIFATIIITE PO 1 HEEFEEDO 3 AT 2134 Ao 2 Tht
R2ofKoRREFEL, RWBERZ MW L <k EE MR RER %
sHEL, 2 HoREDCAEF ZRIRREE L. HERE L FBIHRET 2
RIEDGEF, BWEKRWIIREOFEZRL 7.

1]

c) 2013 FEJIRE (Buk)
A<AFHx 5 H2l HICHIGICHEBME LRSS L. BEiEIZ e H 22 Hic
KF87 Bt HEH (RREAZEBELZ X2~ XK ECERKL Z2E& % [

) #BICR2DF T ITAF v 775 —RIANTHEWD FicfEys, JE
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M TEZLT, IR EOMH 2207 1 7 —2F >, ERIXMH
OBEEICFICHE L. £/, THI9H, 24H, 8 A9H, 22HK
KF72 Etk & KF87 WHk D ok F B (1x10°Mf/mL) ZEFE&ERA L T
100L/10a "4 75 B2/ L 7-.

ERX MR 30cm, KRR 11.5cm @ 1 X 5.25 d o 3 @l cfrv, 1R
U LINERINZZ 2 72X 2% T 72, 372bbOMRY) v & + I

B, QWYY En + IEED, QWYY En +INEEN & L7 (Table
10). UXFERIZJAE L 5°C TR L 72.

RiFERT 720, ETCoRBXIcE T 7HIH»S 30 HEcEEH
17HH 6 1050 I 2 P XOBUKEE CTHOK L 7.

FRMHERrE PO 1 HelrEEo 3HE R4 A 2 RICH T T
SRR & RERO R % FA L, R % i VDI L < PR 6 I IO SR
Kzt L, 2HofEDEGEI 2 RIWERE L L7z, SEERE & BIREKE
TeREO A, BRRWIIREOFEHZRL .

2) R

a) 2012 4EyEJIEREBR C X, BUKIC X 2 XKoo R IR b T, h~

FETORKRE R>72. WHEHKICX > TRY Y RIAAZ S L, I

—HIAT o7& T A, FWEKW% IZHBOKOBEHRY] b X< 13.5, BYIH
NIXT 9.1, HEKDOBERY X <T 7.2 WYIVELKXTI2.17-5

7. MUIOEFHADE W ERKFO L ORBEREBREIHA L Lo
(Table 8).

b) 2013 FFlFIfalr<cix, W~ RECORBE ko, FEWEK

X, BYIY - INHELE HEHHX T 9.2, BYUIVEN - INEFEIHX C 12.4,
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YUY - INHEL DESEZXT 195 -7, EEPEBOREWIRYIY -
INFE L HBESB X TRD KA % 5 > 72 (Table 9).

c) 2013 EEJIIRBRETIE, MUK X o TRFEZMRL, & ~HFEE0WHR
FUHETCcoRBie o/, BRI, REUTY - IUFHE & b B X T 28.6,
WYY EN - INEEIAIX T 26. 3, YD - IN#EL bES 72X T 235
72 o7, WU ZEIZHR E L o 72 (Table 10).,
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Table 8. Incidence of gray mold neck rot of onion at different watering treatment and pre-harvest cultivation treatment (Takikawa 2012).

Date of
with/without cultivation treatment Number of Number of . Ratio of
water sprinklin survey bulbs diseased bulbs diseased bulbs

P g forced toppling harvest y (%)
with sprinkling Normal®? 21-Aug  10-Sep 348 47 13.5
with sprinkling Delayed® 28-Aug  10-Sep 217 18 9.1
without sprinkling Normal® 21-Aug  10-Sep 366 26 7.2
without sprinkling Delayedb 28-Aug  10-Sep 290 35 12.1

a Forced toppling: "normal" is 2 weeks and "delayed" is 4 weeks after finished neck fall, respectively.
b Harvest: "normal" is 1 or 2 weeks and "delayed" is 2~3 weeks after force toppling, respectively.
From 17-Jul to 7-Sep, water was sprinkled daily from 17:00 for 15minutes.

Onion leaves finished to fall over on 11-Aug. Harvested bulbs were stored at 5°C.

The spore suspension was inoculated on 18, 19, 20-Jul, 6, 7, 8-Aug.
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Table 9. Incidence of gray mold neck rot of onion at different pre-harvest cultivation treatment (Kunneppu, 2013).

Date of
cultivation treatment Number of Number of Ratio of
diseased diseased bulbs

. survey bulbs )

Forced toppling / Harvest bulbs (%)
Normal®*  28-Aug / normal® 11-Sep 220 20 9.2
Delayed®  4-Sep / normal  11-Sep 228 28 12.4
Delayed  4-Sep / delayed® 27-Sep 210 41 19.5

a Forced toppling: "normal" is 2 weeks and "delayed" is 4 weeks after finished neck fall, respectively.
b Harvest: "normal" is 1 or 2 weeks and "delayed" is 2~3 weeks after force toppling, respectively.
Onion leaves finished to fall over on 14-Aug. Harvested bulbs were stored at 10°C.

The spore suspension was inoculated on 16-Jul, 6-Aug, 15-Aug, 29-Aug and screlotium was placed on 15-Aug.
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Table 10. Incidence of gray mold neck rot of onion at different pre-harvest processing time under watering condition (Takikawa, 2013).

Date of
cultivation treatment Number of Nu_mber of _ Ratio of
_ survey bulbs diseased diseased bulbs
Forced toppling / Harvest bulbs (%)
Normal® 19-Aug / normal® 2-Sep 315 90 28.6
Delayed® 26-Aug / normal 2-Sep 325 86 26.3
Delayed 26-Aug |/ delayed® 11-Sep 300 69 23.5

a Forced toppling: "normal" is 2 weeks and "delayed" is 4 weeks after finished neck fall, respectively.
b Harvest: "normal" is 1 or 2 weeks and "delayed" is 2~3 weeks after force toppling, respectively.
From 9-Jul to 30-Jul, water was sprinkled daily from 17:00 for 10minutes.

Onion leaves finished to fall over on 6-Aug. Harvested bulbs were stored at 5°C.

The spore suspension was inoculated on 9-Jul, 24-Jul, 9-Aug, 22-Aug and screlotium was placed on 22-Jul.
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Y- MIE (1981) i kB &, 1975 225 1978 4EiC 2> 1 THT » = A
IC B W TN D Botrytis J&H 1 X % BB E B D F 9K Bk % 25 5 Bl & THER
LTHEY, 2O B 2~ FIKOFBORE CH 2 B. allii X5 H0D
FolzlWMELTWS, 2011~2014 Fic 2 CTEND 2 Hilk 38 F ok
EHXTARFOIB o ERINEZFAEL 2L 25, BEKWITHRKT
0.0001 D CTAH B WFAEIKC L EE o7, AEHM P ICE T 2 FHEC
DEFMNREFES o2 b (F—2RKIBE), AEHBICH T
ZERBOFERIMD THRIMEBLTVAELEELS. 232 F %L D
LGaE—oEEcHEfEI s, HERRIARS 2FHEEZTo2dLA,
ERPFHECcIiToTE Y, KHECHL TR > =RERND2 S, KK
DFEICHEG T 20020 K AR, MR, BEER, WEES) 2
MR IR o T A[RENTIER I L.

—RICARTF DL FIZEKIRLZR TR e E5bN . #E L ZEHRO#
BEBMKRBICL o CEMiL 28 25, 2 K& dHOKBMBRAE WK T
K% otz EBEMATED 2 0 ixBFOBUKOFE XA IC X -5
THRAY, BHREHOEERHRLE Lad o7k, AWKIC X 2 o
ZIFWOERZ, TEHBRPICHEEROE~DRKREL, E2rbddWvIiFE
BOWREEHOFEHM~0RABKEI 5Tz e Inz (Chilvers et al.
2004). KRB B VT, EHMETEOBUKIZE~DRLZ, %Y D HUK
FEH~DORAZRT L ZHEL TT- 7228, Kilir o 3RKICH
BT 2FEWNORHIEHAO»ICTE R o7/, L2L, REHEZAEAL -
Wrie Y 2 B X Br sl O X R o A Z R T 2 2 e BRI,

1993 £ D % FER AN <1, [ FHRH LB Y b 1EE o KiE iz,
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Fb2HYE, RIBEEARIEEACTH o h b, BROEZEL R+
e, BPIEL 2. ] LI N T WD (JbiEE R 1994). KR
PEHLMOFEICLI YV A~ FTOAEFEIFW T 5 2 & CEMMM R E <
Y, T, FIRBOMEIEITHEHIRALLI K Aokt EXLN
5. ZDXHiC, BREDLDVICIIENEORREEL LA FDAEFIC
b BE G2 LRI NS, KRB CIT o 2 BUKERBR O K5 F, Bk
BIBREWIEEHEFE L ozl b, BAKBZEXFEET
EEZ bz,
REZEZCEEL, BEZ2E > CEREZRL ZRABKTIX, 20k 15
BLO2CRcH EfficRmarEo oz, 2o, 20 HZICiZi
TIEEKbBO b7, BARFHET CTHEL ZEVEROIEICHEIZIZ L A
RNV, HFECERREL 2856, ECERPENIEELH 5.
REX, —RERFLIARVBIEeE2ONDE. T, HHEREEZEZ
THORYELRZ L 2R k2 513, KOEBUNE I 5°CoKE T b
WO FEMEICKRET 2L L, KRFFORKEIRZ2 0% » kp
STHRBDBER LIS W L BRI,

fEfE & & X BRI 2 22 2 728 < ix, RIEXIC B0 2 R e
RoFAED 2 VIFLIEX R EHBICERT 2 EE 200 5EY
FRoBRGERRD o 0T, ML LML OBEIMR TN o 7.
7, AEHRE T, NEROIFE P ICHERSEZ 32 KK ICE T,
R 2> & INHEE T ICSHES 2 O YT 2 2 & 2 R, 2 DI & PR E 5
e LCcwa., ARBcik, AERSCLIELIETOI S EREDE
MowEELZRIBYV Z2EL 2T/ ELZIRT 20 E S22 M

L7, AR CRINER O EB AT R RY Y DAREDL E7ZIXT
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FRFAEMES, BUY - NEELDLELRLZXTELS Aok, +HIC
WEEPITONT DX TRFHE L ko7l &h b, F4E DO IL TR
Wk o RUMLICER L, INEROHT O BEAR P HOKLEERL 2 Z
LickszdboTciEhweEILbNE., o b, BUIYDOAREZED
5L HEBLARE IR EHRI N,
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# 48 JRIEE

KIIC BT 3 IKOTEHIR O IFE X 2 Nk T Botrytis allii 1 8 A3
N T/, —J7T, Botrytis BE D53 FEICH T, B.allii 13 B. aclada
NOY 7T 7N —78F 255, ML T30 RMERTH»0 T,
Yohalem et al. (2003) X B A RICESE 2z nZ nhziE L
LC’d 2 2REL 2. AW%E Tt Yohalem et al. (2003) oM &
CHOE, MFENTHREL 22~ A FOBERBUER2 S L 725
RicoWT, kT O, EHE, B X " PCR-RFLP(Nielsen et al. 2002)
CX2BEBETHT2OREEZIT->72. £k, ZOREECHHITO T

HEIHE L 7-.

1. EEZN s X CTBRAN S EHIC X 2 FHE

2009 £ 2> 5 2012 FFiC 2 CTHENO 4 Hill CHERR, @), ER¥s
LFUOHERE) TXAFOMEFHRIER2 S 10 Wk 58 RF L
(Table 11), 26 DERICO VT, BEEWF L OBREXN S IC X
2HEEZRAR . £, RELEVRFEEERMIFALEE (NARO)
BEEYERY — v v 7 (MAFF) & X ORA7 17 BGE A 85 5F i 2 #l
HEBREEANA T2 ) uY —x v 2 — (NBRC)ICRE I N T Wi B. allii
® 2 Wk (MAFF712062 ¥ X 8 NBRC9430) & B. byssoidea 1 Tk

(NBRC9431)Z = WEE M & L 7=.

1-1. #Efs i X 2 BEE

1) ik
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a) HE2 5D DNA #li i

B {& > DNA X, DNeasy Plant Mini Kit (Qiagen, Hilden, Germany)
ZMHWT, BERT200CT 5~7 HIMEEB L HA» o L2, #iHiL %
DNA |2 50uL ® TE »*v 7 7 — (10 mM Tris-HCIl, 1 mM EDTA, pH
8.0) ICVAML, i T-300CTfREF L. DNARKEIZ, 7Hw—X
FUBRKIEDO AN FOEIICESNT, 0.01~0.1ug/uL &I

WAL

b) PCR IC X 2 & {x 7 H I I8 & HI BR B 3R W7 v R % ® 9 #F (PCR-RFLP)
Table 11 D Ei#k$F X O B. byssoidea ® W@ E #H (NBRC 9431), ¥ X
CLeTCoBBGEKEZ DM L7z, Nielsen & (2002) I ko> TCid#HE N7z
HBICEIWTR M) FRFEERNT 74 ~—, BA2f 5 X ' BAlr # f »
7- PCRIEZ# 1T > 7=. X W% < ® DNA MIEEY %15 % 7= 1Z, Nielsen
bDOFEE K ELT PCR ¥4 2 A $EkMe L. ¥4 20 v o4k
1%, 94°CT 3 0, 2 Dtk, 94°CT 30 PRI D Z M, 60°CT 30 D
T=—Vv7r, 72°CT 1 pEoME, REOMEREIX 72°Cx 3 4a/E L
2. A—Hh—DHERICHE - T, PCRIEEY (2uL) XHIBEZE Apol
(New England Biolabs Inc., Beverly, MA, USA) Z %ML THRE 10u L i
L ,37°CTA v Fax—av L CTHLLZ. FIREEELEE, DNA
FEY (5ul) % 1.5% 7 H e — X5 L CEXIKEE GelRed 1T X b §eth
L, UV 74 FTForfl 2. B 2 [E4fT->7%. PCR-RFLP icko
WT, A FOIRECHETE 520K M) F2ER, UFokdic
PCR EV O FRIHILH D DNAK A EoEWICHE > Tl I NG, 374

b, B.aclada, 413 bp; B. allii, 413 bp + 298 bp; B. byssoidea, 298
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bp; B. squamosa, 269 bp; B. cinerea, 250 bp & 7z % (Nielsen et al. 2002).

2) Hi%

REYFREBERP S5 4 ~—, BA2f 3 X O BAlr % fil\» 7= PCR 141§
&b, 2D DNAT VY7L —1F»5 413 bp © PCR EIEEY 215 5
ni (77— 2408). Apol IZ X 2 WREY O HIREERWLH %, B. allii
ikix 2 o007 7742 F (413 58X U 298bp) #4 K L, B. byssoidea
ZWIZ 1 2D7 7272 F (298 bp) ZAERLEZ. b DHEEIT,
Nielsen & (2002) O FiH & —3 L 7z. 5 K (KF-Ba225, BaFS12-3a,
BaFss12-2e, Ball2-6, Ball2-7) <Tix 413bp 5 X 8 298bp N v F 28
B n, %Y o 5 Ftk (KF-Bal30, KF-Ba205, BaFS11-12, BaTH11-
A, BaNW1l-a) Tl 413bp DA DNV FREE XN/ (Fig.6). -
T, K Pk KF-Ba225, BaFS12-3a, BaFss12-2e, Ball2-6, ¥ X Of Ball2-
7% B. allii, W% KF -Bal30, KF-Ba205, BaFS11-12, BaFS11-A, ¥
X " BaNWl1l-a ¥ B.aclada Th 5 ¢ Ez2 bz, $7-, 2T DHEETII,
T XCTD PCR Kt & # D% @ PCR-RFLP 43 #7 T#J 100 bp @ X v F 28
B, 7T==V v Z7RBEZTF 2L, 60°CITlt_T v F2HHEIC 7%
o7 (F—Z2RKEH). L7z25T, it Nielsen 5 (2002) o3
BEINEDDLFAKDODIEFFRN NV FTH B Lffimo T 7.
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Table 11. Identification based on morphological characteristics of conidia and results of polymerase chain reaction—restriction

fragment length polymorphism (PCR-RFLP).

Isolate _Year_of Geographic origin conidial size' LB NN —PCR'RFLPI Identification’
isolation (um) (op)
KF-Bal130 2009  Iwamizawa, Hokkaido 77(11)x4806) 16 1-2 413 B. aclada
KF-Ba205 2009 Iwamizawa, Hokkaido 7.6 (1.9) x4.98 (0.6) 1.6 1-2 413 B. aclada
BaFS11-12 2011  Furano, Hokkaido 7.2(13)x42(0.7) 17 12 413 B. aclada
BaTH11-A 2011 Takikawa, Hokkaido 8.7(1.4)x458 (0.5 19 12 413 B. aclada
BaNW11-a 2011 Naka-furano, Hokkaido 11.5(1.5)x4.2(1.1) 13 122 413 B. aclada
KF-Ba225 2009 Iwamizawa, Hokkaido  10.1 (1.9) x5.7 (0.6) 1.8 1-2 413+298 B. allii
BaFS12-3a 2012  Furano, Hokkaido 10.1 (25)x6.3(1.1) 1.6 12 413+298 B. allii
BaFss12-2e 2012  Furano, Hokkaido 9.1(19)x53(.6) 17 12 413+298 B.allii
Ball2-6 2012  Iwamizawa, Hokkaido  11.1(1.8)x6.6 (0.9) 1.7 1-2 413+298 B. allii
Ball2-7 2012  Iwamizawa, Hokkaido  10.2 (0.9)x5.8(0.5) 1.8 12 413+298 B. allii
MAFF 712062 * - Hyogo, Japan 10.5(1.5)x6.3(0.6) 1.7 12 413+298 B. allii
NBRC 9430° 1971  Hokkaido, Japan 9.8(1.4)x6.3(0.6) 1.6 1-2 413+298 B. allii
NBRC 9431° 1971 Hokkaido, Japan ns - - 298 B. byssoidea
BA1d (B. aclada )’ Denmark 9.5 x 5.0 1.9 413°
MUCL 403 (B. allii )* Netherlands 9.9 x 5.3 1.9 413 + 298°
MUCL 94 (B. byssoidea )d Culture of type specimer ns® - 208"
SAL 019 (B. byssoidea ) Japan 13.0 (1.4) x 8.3 (0.9)° 1.5 ns

a MAFF 712062 was supplied as B. allii from the NARO GeneBank.

b, ¢ NBRC 9430 and NBRC 9431 were supplied as B. allii and B. byssoidea from NITE, respectively. NBRC 9430 is SAL004 isolate in
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Shirane et al. (1989).

d Nielsen et al. (2001).

e Shirane et al. (1989), B. allii was identified only by morphological features.

f Average length x width of 100 conidia. Numbers in parentheses are standard errors of the means. ns = nonsporulating in culture.
g Length and breadth ratio.

h Number of nuclei per cell.

1 Fragment size of polymerase chain reaction product after Apol digestion.

j Identification result based on PCR-RFLP.
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500bp

100bp

Fig. 6. Apol restriction digestion of the PCR product of Botrytis spp. from onion bulbs.

Lane 1: 1solate MAFF712062 (Botrytis allii); Lane 2: isolate NBRC9430 (B. allii ); Lane 3: isolate NBRC9431 (B. byssoidea); Lane 4:
isolate KF-Bal30 (B. aclada); Lane 5: isolate KF-Ba205 (B. aclada); Lane 6: isolate BaFS11-12 (B. aclada); Lane 7: isolate BaTH11-
A (B. aclada); Lane 8: isolate BaANW11-a (B. aclada); Lane 9: isolate KF-Ba225 (B. allii); Lane610: isolate BaFS12-3a (B. allii); Lane

11: isolate BaFss12-2e (B. allii); Lane 12: isolate Bal12-6 (B. allii); Lane 13: isolate Bal12-7 (B. allii); M: 100-bp ladder.



1-2. B
1) ik

Table 11 @ 10 B #k (KF -Bal30, KF-Ba205, BaFS11-12, BaTHI11-
A, BaNW11-a, KF-Ba225, BaFS12-3a, BaFss12-2e, Ball2-6, Ball2-
7) RWEFHTT 20°Co PDA ET7-14 HEEE L EF 2B & €, H¥
BWE T TR L ORESZBELL. 2ETE 4-6-T7 IV -2-
7 = =2 A4 v F — 1 (DAPI; NucBlue Fixed Cell Stain ReadyProbes
Reagent, Life Technologies Corporation, Eugene, OR, USA) T#: 1 L,

B (W H 720 500 dty) 2 s eBME T catil L 7.

2) #EH

RREIE TR, ETOREKTHEAFZIEL, REZHET 2 2 L HEE

«_l

)

EN. BETHREAPOEZAEL, LELE ST ZE3 =L CH
RICm» o THalk L., 2EFIZINEE 2 3BHECHY, 24E TN L
SR X 7z o0 R PR SE b o 0 A IR O RE 2> & 13 L 7= (Fig. 7).

5 H#k (KF-Bal30, KF-Ba205, BaFS11-12, BaTH11-A, BaNW11-a)
DuETFIE, B2 7.2~11.5um, #E2 4.2~498um, HETFORZ/
oz 1.3~1.9 Th o7z, EnETFICIF 1I~2HOELH - 72 (FH:
1.2). 25D 5 2D EMIZ, PCR-RFLP /9#7ic 5w B. aclada &
L Cakpl X7z (Table 11).

fl1> 5 H#k (KF-Ba225, BaFS12-3a, BaFss12-2e, Ball2-6, Ball2-
7) 1¥, PCR-RFLP Sp#fic i owC B alliif b [ME L 7=. HAETIEEX 9.1
~11.1pym, §§5.3~6.6um, BI/WDOHIKIL1.6~1.8 T, B. allii® 2

S DS WEEMH(MAFF 712062 3 X O NBRC 9430) Ic &l L T\ 7= (Table
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11). TR EZ, w3 D Nielsen et al. (2001)3F L F Shirane et
al. (1989) I k> Cad# N B allii Bk & LU, fd Ic BHE 2 £
RSN D o 7.
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Fig. 7. Conidia of Botrytis spp. grown on PDA for 14 days at 20 °C in the dark.
a B. aclada BaTH11-A.

b B. allii KF-Ba225 (scale bar: 20 pm).



1-3. Zr#EEE o R E
1) 75k
a) 32T 03 2 IR

AR XOHETORMEILKT 2 -0 ic, Tablel2 OB (KF -
Bal30, KF-Ba205, BaFS11-12, BaTHI11-A, BaNW11-a, KF-Ba225,
BaFS12-3a, BaFssl12-2e, Ball2-6, Ball2-7) #Ff\w7-. 5 Hiit® PDA
BED» OV LZRAREKRRE (B 6 mm) % L& <) b E o 7=
* (UWmoOER 2cm) ICEZ, 10°COMRATCTHEL . &REKEIX 35K

TOREML 2. M 30 HRIERZHEL .

b) TE~oEEIC X 2K EE

E~OEMEIC L2 X~ DR EMILK O 72 ®»Ic Table 13 © &k
(BaNW11-a, BaU2-8, BaK17, Ball2-7) 2 flwC, BAtT7 5 v & —
MDA ZT o7, 22 HDO 2 ~4 ¥l % 201845 A 11 Hic
77 v & — (640x220x180mm) T 12HRFoOBMEL (W [ & —
7 222]), BACHEEE LA, 7T H 11 HE 7 H 18 Hic, 4 THER
(105spores/mL) ZHREMICHZEHEL <~ L& TEVIEE % &
o CREGEMR L. 9 A 20 HicREKZ I L C ¥, 5°CClrE L, 2019
F1H 16 HICEBEHRICX 2BWERZRWAZE2RICOWTRFRE AL
L7, BB 1 X 12 d0 2 8#H CfF - 7.
2) fESR
a) BEEicxt 9 2

K TH LT XCTORERKT, I N X4 FOBE KRR

T, KB o @B BFMIERZRL, AL EKS X2~ FHXIC
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WEREZE T2 2R L. EEREZIOBICEANKE PETTED
W, BB E iz (Fig. 8). B. allii & B. aclada \»3 LD F ¥k %
L7282 FROERIER 2R~ L 7-.

b) TE~DHMEIC X 3 IFEE T
MEHM oEMIC X 28X~ WM X, B. aclada THFE % D FIH
Bk 9% 23 41.7, 61.1, B.allii < 41.7, 60.0 &, MR CHKHE I OE WL

LN o7 (Tablel2).
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Fig. 8. Symptoms on the neck of onion bulbs 30 days after inoculation and culturing at 10 °C.
The upper row was inoculated with Botrytis aclada (1 BaFS11-12, 2 BaTH11-A and 3 KF-Ba205) and the bottom row was inoculated

with B. allii (4 NBRC9430, 5 KF-Ba225 and 6 Bal12-6).
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Table 12. Pathogenicity of Botrytis aclada and Botrytis allii for growing onion.

e . Year of L Number of Number of . Ratio of
Isolate Identification . . . Geographic origin . diseased bulbs
isolation survey bulbs  diseased bulbs (%)
BaNW11l-a B. aclada 2011 Naka-furano, Hokkaido 24 10 41.7
BaU2-8 B. aclada 2013 Ubetsu, Hokkaido 18 11 61.1
BaK17 B. allii 2013  Kunneppu, Hokkaido 24 10 41.7
Bal12-7 B. allii 2012 Iwamizawa, Hokkaido 20 12 60.0




1-4. £WREICBTBZEE R FIEK
1) Ji
a) FRECET M EOETE

Table13 IC/R L 7z B. aclada6 E# (KF -Bal30, KF-Ba205, BaFS11-
12, BaNWI11l-a, BaTH11-A), B. allii5 F# ( KF-Ba225, BaFS12-3a,
Ball12-6, Bal12-7, NBRC9430) & X ' B. squamosal Hi#k (NBRC9431)
% PDA £5#1 (9cm =+ VIl 25°CHEEL ) THiEEEL, 6mm D a7y
R—F —CTH bk WAEHZE > % 35T o877 PDA ibiciiEL, 2,
5, 10, 15, 20, 25 B X V' 30°COMEETCHELZ. 3HRICK 21 =
—D2HPFRICDONT AT FR—T —DF,IPLDIAR = —DRIHEE TOR
TEFHML, 320z v=——DFHEEAMEL L CRTFEXROAEE
Hfls X OB MET (40 15) <R L 2. 3BT 2 BT - 7.
b) BT T K

Tableld IZ/x L 7= B. aclada5 H# (KF -Bal30, KF-Ba205, BaFS11-
12, BaNW11-a, BaTH11-A), B. allii6 B #( KF-Ba225, BaFS12-3a,
Ball2-6, Ball2-7, NBRC9430, MAFF 712062) % PDA £5H#i CHi¥; &
L, 6mm D a7 K —7—TH[BiKW7EZ 5% 129 D% 77 PDA
BEHicAE L, 25°CREEE T ORI B LAZ. THR E M HBE K avn=—0
AN R —T —DFDIPO lem B2 4 ATICDOWT 6mm D 2 )L 7 R —
77— T bk, 20mL DERKICANTEALT v 27 X (30 # X2 [1])
L, T2 @E 3¢, BERIZMIRGEBEZHEHL CHEMET ot
BrzatillL, SEKkyy—L 2o P20 RFIREZERL 2. &5

X 2 BT o 72
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2) mHR
a) FmEICH T 24EF LT IEK

R r2WMEFCOEFIE, WIhofE, FHked 205 X0 25°CTd
> L bEAMELFE D2 -7 (Fig.9). 2°Cic B} 34 FH X B. aclada T
2E < 3 B (KF-Bal30, BaFS11-12 5 X Of BaNWl1l-a) TH A E
BRoNGEDP>7 (5B HRICIEROETZHER. 7 —2EMK). 2K
B IEADOAFTHEHRICENITED LN D 5T,

FiREIC BT 5 #EF, 10, 15, 20, 25°CICZ N ZNOREICE W T
B.allii 1 6 Wik# 0, 2, 2, 1 WM T, B.aclada X, 5 EHKTF 2, 3, 4,
5 Rk CIE BRI Nz (7 —2A0).

b) 25°Cic 1T 2T IEKE

PDA I 25°CHEEE N CHEE L 2 WX 7 HRICIX B. aclada ® 5 Wk
ETCCRFIBKEZRD, B allii ® 6 WHT 3 EHKRICHEFIBRIAHER I 0
7= (Table 15, Fig. 10). Z o ¥éH, BT IEKEIX B. aclada (5 EFE 2.2
X 10° il spores/mL) )< B. allii (7 Bk 6.3 X 10°f spores/mL) X 9 %
5%7/KHECTHEIC% > - 7z (Mann-Whitney ® U #E p=0.0324). 14 H%
CiEmE2CoORKIETFZIEKL, T EREOREEZIIRD bk
o 7z. B.aclada Tk, ¥ERE D O KT E < O B 235 @5 28
Ront,
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Table 13. Strains used in this study for comparison of mycelial growth under different temperature conditions.

isolate identification Year of isolation Geographic origin
KF-Ba130 B. aclada 2009 Iwamizawa, Hokkaido
KF-Ba205 B. aclada 2009 Iwamizawa, Hokkaido
BaFS11-12 B. aclada 2011 Furano, Hokkaido
BaNW11-a B. aclada 2011 Naka-furano, Hokkaido
BaTH11-A B. aclada 2011 Takikawa, Hokkaido
KF-Ba225 B. allii 2009 Iwamizawa, Hokkaido
BaFS12-3a B. allii 2012 Furano, Hokkaido
Bal12-6 B. allii 2012 Iwamizawa, Hokkaido
Ball12-7 B. allii 2012 Iwamizawa, Hokkaido
NBRC9430? B. allii 1971 Hokkaido
NBRC9431% B. byssoidea 1971 Hokkaido

a NBRC 9430 and NBRC 9431 were supplied as B. allii and B. byssoidea from NITE, respectively. NBRC 9430 is SAL004 isolate in

Shirane et al. (1989).
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Table 14. Amount of sporulation of Botrytis aclada and Botrytis allii cultured in the dark at 25°C.

Isolate Identification _Year_of Geographic origin Number of spores/ml
isolation 7 days 14 days

KF-Bal30 B. aclada 2009  Iwamizawa, Hokkaido 2.E+05 6.E+05
KF-Ba205 B. aclada 2009  Iwamizawa, Hokkaido 1.E+04 7.E+04
BaFS11-12 B. aclada 2011  Furano, Hokkaido 3.E+05 4.E+05
BaNW11-a B. aclada 2011  Naka-furano, Hokkaido 6.E+05 6.E+05
BaTH11-A B. aclada 2011  Takikawa, Hokkaido 1.E+04 7.E+05
KF-Ba225 B. allii 2009  Iwamizawa, Hokkaido 2.E+04 3.E+05
BaFS12-3a B. allii 2012  Furano, Hokkaido n.d. 3.E+05
Ball2-6 B. allii 2012  Iwamizawa, Hokkaido 1.E+04 1.E+05
Ball2-7 B. allii 2012  lwamizawa, Hokkaido n.d. 2.E+05
NBRC9430% B. allii 1971  Hokkaido 6.E+03 1.E+04
MAFF 712062° B. allii - Hyogo n.d. 3.E+04

a NBRC 9430 wase supplied as B. allii from NITE. NBRC 9430 is SAL004 isolate in Shirane et al. (1989).

b MAFF 712062 was supplied as B. allii from the NARO GeneBank.
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Figure 9. Growth of Botrytis aclada and Botrytis allii under different temperature conditions.
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Table 15. Amount of sporulation of Botrytis aclada and Botrytis allii cultured in the dark at 25°C.

Isolate Identification _Year_of Geographic origin Number of spores/ml
isolation 7 days 14 days

KF-Bal30 B. aclada 2009  Iwamizawa, Hokkaido 2.E+05 6.E+05
KF-Ba205 B. aclada 2009  Iwamizawa, Hokkaido 1.E+04 7.E+04
BaFS11-12 B. aclada 2011  Furano, Hokkaido 3.E+05 4.E+05
BaNW11-a B. aclada 2011  Naka-furano, Hokkaido 6.E+05 6.E+05
BaTH11-A B. aclada 2011  Takikawa, Hokkaido 1.E+04 7.E+05
KF-Ba225 B. allii 2009  Iwamizawa, Hokkaido 2.E+04 3.E+05
BaFS12-3a B. allii 2012  Furano, Hokkaido n.d. 3.E+05
Ball2-6 B. allii 2012  Iwamizawa, Hokkaido 1.E+04 1.E+05
Ball2-7 B. allii 2012  lwamizawa, Hokkaido n.d. 2.E+05
NBRC9430% B. allii 1971  Hokkaido 6.E+03 1.E+04
MAFF 712062° B. allii - Hyogo n.d. 3.E+04

a NBRC 9430 wase supplied as B. allii from NITE. NBRC 9430 is SAL004 isolate in Shirane et al. (1989).

b MAFF 712062 was supplied as B. allii from the NARO GeneBank.
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25°C B.aclada q\

Fig. 10. Colony of Botrytis allii and Botrytis aclada at 25 °C in the dark after 7days on PDA.

Isorates of B. allii: KF-Ba225, Bal12-7, BaFS12-3a, Bal12-6, NBRC 9430 and B. aclada: KF-Bal30, BaNW11-a, BaTH11-A, KF-
Ba205, BaFS11-12.

a B. allii cultivated in the dark at 25°C after 7 days (PDA).

b B. aclada cultivated in the dark at 25°C after 7 days (PDA).
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2-1. FRFEkDRE L o
1) 75
2011 fEA 5 2017 4Fic, BN O FEHE % 2~ 4 FEH 8 Ml (R YT,
hE R, =45, SRR, @I, B, bR s X E D o 50 [#% T,
frEih o 2 = 4 ¥ OB BER 2> o B 2 BRAUL 72 (Fig. 11).
EHEA AT 2201, SESco Ry 7+ 155 (k2
6,000 fil) O X~ FEREFPEL . HEACTEBIKZENL, X2~%F
EMEICUIB L TS O A B L 2. BRI 2 5 x5 mm 1< Y] BT,
WHRZABKTHESFL, 1% (w/v) XEREREEF Y v LKEHRT 15
MIRMEHEE L, MEZEKT 2 HEHE, WMEEK L ciisez,
NoDYFZER9 cm © PDARHIICE %X, 20°CT3~5 HEKEL,
2w == bEADENE PDA FIRICH L. SAETEEEZREST 2
=00, BAREERT 25°CC 14 HMEEB L 2. WMETcH -0 Nt
TEEL, #Hzic PDA it L ColiRkz 57, BKEIHERT 2

FTACICB T PDA XSV ECHEERL 7.

2) fER

2011 E 2 5 2017 FEDEWN 8 Hilsk o 50 [ 2> & R EL L 72 J& BBk 1%
KRR T, WEEOZ B % 5 AR 2R L, B e (REEOMIC T M
RO KB OREAPBEI N, BENTOREIIH G G2 5 B E T,
R REERROBEHEBICERLINDE Z 2B > 7% (Fig. 12). 2h b
DRERIE, 2~ FIKOTEBORICBE T 2 TR BE —BL Cwi

(frJg 1978). Jbifp:E D Sl 2o NE I N DX ) L2 <=4 F D
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XIEMIER 2 5 2011 i 3 FHHE, 2012 4 2 FHk, 2013 Fic 18
e, 2014 4F1c 8 Hikk, 2017 fEic 58 FtED &5 89 Hitk % 18 7- (Table

16).

BB
el

1-2. Zr@fEw o [ E

1) 75k

1) clREoN 89 EKICoWT, Fido [ 1. BREFWHIEL BLESN
Sy¥EIC X A EEE] L AKRIC LT PCR-RFLP b1 % 41wy, MAZFEE L
7z.

2) iR

89 Wtk % PCR-RFLP 3 L 2%, 2 207 v —FicpHEIns,
63 HiMkIZ 413 B XU 298bpD2oD7 57 A F &AL, 26 HEk T
413bp D 12D 7 7 7 A b %A L 7. Yohalem & (2003) I\,
Hi& % B. allii, % & % B. aclada b L T*nFN[EEL 7~ (Table 16).

BN D B. allii & B. aclada D313, 201141 2/ 1, 20124 2/
0, 2013 £4£12 10 /8, 2014 4Eic 4 /4, 2017 4EiC 45/13 72 o 7=. 2011 4
L 2012 IR E SV R, BEREZHEECE hd ok, ZIFH
OB 2013 £ & 2014 FFiclifF OB S, 2017 413 B. allii 5
W2S B. aclada Witk X 0 S IC RS 7z, 2017 R, 6 il (5
R, =%, ERY, PERY, LR B X CINFI) < B allii 3B 72
2 7DICXt LT, B.aclada \31ER TOARERSZ 7. 2D X O, D

BERITEREBFICX > TR 5 /2.
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“ /' Yubet N Kitami
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akafurano (3/2) ®

Takikawa f)Z/O} \ ~—_

Mikﬂ\afﬁ%//m °
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(11/0)

lwamiz

(15/3)

Fig. 11. Geographic location of diseased onion sample collection in Hokkaido.

The numbers in parentheses are the number of isolates identified in this study (Botrytis allii/ Botrytis aclada).



19

Fig. 12. Onion naturally infected by Botrytis aclada (a) and B. allii. (b) after storage at a shipping facility for 5-6 months.

Each infected onion was harvested from different commercial fields.
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Table 16. Number of field isolates obtained from gray-mold neck rot in eight regions in Hokkaido.

v Location No. of isolates®
ear . —
(city, prefecture) B.allii  B. aclada
2011 Takikawa, Hokkaido 2 0
Naka-furano, Hokkaido 0 1
2012  Naka-furano, Hokkaido 2 0
2013  Mikasa, Hokkaido 10 0
Furano, Hokkaido 0 7
Naka-furano, Hokkaido 0 1
2014  lwamizawa, Hokkaido 3 2
Furano, Hokkaido 1 2
2017  Iwamizawa, Hokkaido 12 1
Mikasa, Hokkaido 6 0
Furano, Hokkaido 2 0
Naka-furano, Hokkaido 1 0
Kitami, Hokkaido 8 3
Kunneppu, Hokkaido 11 0
Yubetsu, Hokkaido 5 9
total 63 26

a Isolates were collected from one to seven fields in each region.
Species identification was based on morphological features and results of polymerase chain reaction—restriction fragment length

polymorphism.



3. HE

KRB O KR X, B allii & B. aclada D)5 B ILEED 2~ 3 ¥ DK
CEBORICBEEL T3 2 2R L TS, 2N E TAMKDOKEIZEHN
TUE B allii D APHME TN T W=D, B aclada bIRRTH % 2 & itk
HAIN: (BB, 2O EITOWTIE 2014 F DY)k B2 A& b i E 5
2 TIWEL (Brd - WE 2014), HAMYRE A HEICAKBF DK & LT
B. allii & B. aclada ® 2 AT I NDICE > T 35),

B. allii ¥ B. acladalx % .2 WAbiffiE o 8 #ulsk & 6 Hutwi 2> & Syt < 1,
Wi O X2~ FEERIBICIESAHLTWE T ERHEAL 2L R o

CESEIHIERERTE L o228, BT B allii S — W I BT
SEERBED 71% (63 BWMR) &7 Y, Zhicxt LT B aclada 1% 29% (26
WHE) 2oz, 72720, MAOEARCEEG,» O RCHEINE L
27 < (50 LD 5 H 3ME), WEAROREEIERLGICL->T
o, FALLENOIKIEKRD? S NEEE NS B byssoidea % &4
NoDKRFY FRAMOIEMELRBKZHO 2ICT 5ICE, SHROIFFLTL
D4 ORKEREST 2HLELD 5.

AW clix, LiFEOHOKR Y FAMEMEZFEL 2. KER
N (1978) DEREFIIRFBUCIE DWW T &~ 3 FIK AT EEH O KR 1R
% B.allii ¥ LCRIE L7225, %O E TIRO TR ICHE S ks
BRI WAL o7, Ballii & LTRES LZEKICIR, ER®e
FRE7 O CI3dk A SRS B, aclada BE TN TV B A[HEMERH 5. K
MRICECTHIBEXNEMIcE T, MECHELRZTR SR -
7. REREEHERAECHAENO 2 0FEEROBE D H 1 & fE

A2 S 2I1IcT 27201, PCR-RFLP 22 Y 04 AW FH T % FH v
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TIKEIEBEORIR A RET A2 LIFERETHL LERD.

2, KRR EZRLEETHM P OECEEL, KE~LF o IFE P I K
BT CTHRFET 2. BEFAFHM T oBERE X, 2 BIZREEORK
Bwehy, WERNDICEZZRDON A o7, WETPOREICHY T 2
5CICB I 28 LoAF s LB ICN T 2HEEICO DTS, 2D
BORROLNAL o, LEALAYRL, FEETCOLET CKIEM % i
AL A, B aclada T 25°CIc BT 3 T K BHMA 2 R Wi b
of., EWHEMHALIERIN TV EVHEOAERICEWT, EZDR
BICEVWEETORTHEROBRSDEVY 2O ELELELICE
TR O »DHELG 2 2ABEDFEZLLN, SHOMABFRELZNS.
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955 ' R o KA

JeiFE D %~ XIKOJEIK I, B. allii & B. aclada ® i J5 255
LTWwWBZ WO hotz. 2O LBAKROERGIRICE 2 55
BrHOL 2T 5720, EAICHT2EZECOWTHERL 7.

1. 2=2 XU R EHVZBREIC X 2EHONE
1) 75

B. allii 4 Witk & B. aclada 4 Witk % Hl\v <, 8 #EH| (Table 17) ©5H
REICBT MRz 2~ FZEZoU R (B ) EolE L7, 3/
243 FIRABBORICER O H 5 7THAF (77 ¥ F LKA (v —
TH 7= ) IVY), KAAY FAKMA (Fv—T74%  SDHI),
T7aF )= nAKMH (A —=T% DM, £ X7 72 VT AT
Bt KFIF (P —FH e 7TV v), 7LV F2 L AF AKMAFA
(ZFnv—=7%:Qol), ¥4 7 74—+ AFAKAAFAI S L TR I KA
Al (WFhd v —7% : MBC) #H v, X E L CTRBFICHED 70
EINTWE 1A (v X TKMA (FV—T% : PFF N — "R —
F)) EHAWE.

A~ At ¥R % 2~3cmi@ic YIWT L CREMBERBEL, 1% (w/v)
RHEHGREE T T Y v LKEWT 2 o E &R, RHAREDRIERIC 1 2[H
REL, MLz, BERERZBEEAHKCELETHT I A ¥y —LIC
WE, A% 3 OoBEKRLAZBET20°CT 7 HREE#E L 2/WEHE % 8mm
Danskr—7—TEbik%, ihicod, 200CTHEEL .

¥ 72, B. allii3 Wtk & B. aclada3 Btk (Table 18) &2 W T, &HE

RepEFBREBRzZNZREREFEL LT, Bih ELTo2Lry oo XF
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VOB ERB L7, B LTA I 722V v TAXRVABEBEX %3
F7-. T REWIE, BEKE PDAKBERT 20°0Cc 2 HERE
L, Bonh7zn4dF% 1X10%spores/mL DEEIC 5 X 5 JEZ&HF KiC

WL T, MWAME L8R I0u L FL 2.

WMEE 5 A%, 3200 icowTU ToRBIREKEHACTHEL,
JREE =100 X (RREERIFM R B X880 /4 xF{EHR ot HEA T
WS L ORMBEEXFEH L. BT 2 BT, FHEEZREERL .
FEIRIER 20, FEW AL 1, MERME» B ICRA 2, HIEZRR
BE 5 3, WRBELBER O W ICEE : 4, JNBEE 2 1L E R AR ICHE K

2) MR

ETOWKD, MU OEBER ICHRIEEZ R L 72, #BIHE L B. aclada T
67-92, B.allii T 67-88 &, iR icxt 3 2R EMEIIREBEEL 7. K&
JEBUR ISR e 3 Nnb~vy ¥ 7 Th B. aclada < 83-92, B. allii
T 71-88 L FARET 572, B. aclada 3 X O B. allii T ff @ £ 3EH| L ©
DHEB[EZZNZN, ATV F LT 3846 XU 21-46, KA Y ¥
T25-42 X100 0-29, 7732+ —=—1ATO0-13BXU00, £/ 7x2Y
VTRV T 0-8 5 X UN0-8 &, MEALEEIC AT HRIFE MK
Dol ThicH LT, ZLYFT L AFATIE 46-83 5 X N 71-83 &
M L IZISFERBEE o7z, 7, RV X4 IXY-LVREHTH DL F
77X —=FXAFAEXRX) INVTIE 88 FXLW 0-4, b NIT 46-92 F
K 0-42 L RIFE R RE I 52 & (Table 17), @/ b CF I 23 I
BWICAB LT 20088537k (Fig. 13).

JLYFSLAFAIER, Abuvenr) vEROKEA (Qol) THY, %
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ODEMEHKIZ, I rta vy FIT7THOF M 7o — LB TEERMBEICLY,
DETFRE, FAMRES XA TERENH T 2 3125, QolAlT
HDHI7LYFTLAAFAVNBML R CORWE LR 2 B b
W L7ze A, DETREREET B aclada0-8, X O B. allii 0, 7x
b WNICEHFREEM T B. aclada8-25 3 X N B. allii 25-58 &, 434t 1%
B CIZIELACRB L d o7 (Table18). 4 3/ 22T v T A
RUNVBEKFA CIE, WTFNOBEBEIECORWEIX 0272, ZOf
B, 4372V TAXYOVBEKMANIMEEICN L CoE%

3 23tEz2bhl.
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Table 17 Responses of Botrytis aclada and Botrytis allii to various fungicides on onion pieces.

Disease severity®

Group Phenyl- Bis- I\(Iet_h v I -
. . SDHI DMI . Qol Benzimidazole Dithiocarbamates Distiled water
name pyridinamine guanidines
Carbamates
Isolete Common ¢ zinam  boscalid tebuconazole  9328line  kresoxim-  thiophanate- benomyl manzeb Inoculated O™

name iminoctadine methy methyl inoculated

ppm 1000 1000 2000 1000 2000 1000 2000 500 - -
Botrytis aclada KF-Bal30 38 29 0 0 58 88 75 88 67 0
Botrytis aclada KF-Ba205 42 25 0 4 79 88 92 92 79 0
Botrytis aclada BaFS11-12 46 42 4 4 46 88 46 88 92 0
Botrytis aclada BaNW11-a 38 33 13 8 83 88 79 83 75 0
Botrytis allii  KF-Ba225 38 0 0 0 71 0 8 88 88 0
Botrytis allii  BaFS12-3a 42 25 0 4 83 4 42 88 71 0
Botrytis allii  Ball2-6 46 29 0 0 79 0 8 71 67 0
Botrytis allii ~ MAFF 712062 ° 21 17 0 8 75 0 0 75 67 0

a Disease index; 0: No disease; 1: Pathogens slightly invade onion tissue; 2: Clear water-soaking rot; 3: Water-soaking rot penetrates
onion slices; 4: Water-soaking rot or hyphae spread over the entire surface.

b MAFF 712062 was supplied as B. allii from the NARO GeneBank.
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Table 18. Response of Botrytis aclada and Botrytis allii to fungicides on onion pieces with different inoculum.

Disease severity®

Group Qol Bis- Distiled water
name guanidines
Isolete Common Kresoxim- guazatine Non-
L . Inoculated .
name methy iminoctadine inoculate
ppm 2000 1000 - - -

Spore  Mycelial Spore Mycelial Spore Mycelial

Inoculum . ) . ) . )
suspension agar disc  suspension agar disc suspension agar disc

Botrytis aclada KF-Bal30 8 17 0 0 83 92 0
Botrytis aclada KF-Ba205 0 25 0 0 83 75 0
Botrytis aclada BaFS11-12 0 8 0 0 58 67 0
Botrytis allii KF-Ba225 0 50 0 0 75 92 0
Botrytis allii Ball2-6 0 58 0 0 33 75 0
Botrytis allii MAFF 712062 ° 0 25 0 0 58 92 0

a Disease index 0: No disease; 1: Pathogens slightly invade onion tissue; 2: Clear water-soaking rot; 3: Water-soaking rot penetrates
onion slices; 4: Water-soaking rot or hyphae spread over the entire surface.

b MAFF 712062 was supplied as B. allii from the NARO GeneBank.
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Fig. 13. Botrytis allii and Botrytis aclada inoculated onion pieces dipped in fungicide.
Upper: B. allii (KF-Bal30) Lower: B. aclada (KF-Ba225).

Left: Sterile distilled water, Middle: guazatine-iminoctadine, Right: thiophanate-methyl.



2. MR IC X B & KR ~0 K
K2k W LR A S A WIS R S A7 Qol & MBC % ¥
Fliz o\ C, HHBRE AT 7%. Qol Ico T Iid, HHhT DR %N

XN TWBETYF A Mu b vk w7,

1) 75k

TYFLAIREY, FAETZ7 75— PAFN, X IO 3HEAFICO
WT, A —F27L—7L7% PDAICKEAIOFEMIRE 2000 fFicHY T 3
KOMBLTAML, MEKMZER L, $4hbb, 7VF R0
Y 100ppm IR B3 X 9T I RAZX =207 0T IA(T/F A bue
v 20% & H, Syngenta) & 4mM @ % & 7 (DMSO iRAEE) % 10mL/L
W, FA7 72— FXAFULRMEHITIPDAICE Yy 7Y v MKAA
(F47 72— b 2XAFLT0%EH, HAEE) %\ T 350ppm IC % %
LOWM, R IniFxvr—bKAFI(R 7 T 50%EH, ERKLE)
ZHWT 250ppm I b X5 ML, wEL .

PDA ¥t (25°CHEELT) THi¥SE L 2E# (Table 19) % 6mm o =
NI R—=F =TI B IEZ I % 32T oBEL, 20CHF R T Tl &
L7z, bHBRICE 20 = —D 22FICOWVWTa LI R—F —DF1L 5D
2= —DEHETCORIEZEHAL, 3 20av=—DFEE2ELAHE
L7, ABRIX 2 |AT - 72,

2) &R
SR O PDA ¥4 FCHEKEIZ 9.2-41.6mm D ARMMERL 7. 7TV

FURPEEYTE, WITROEKDERL b ok, VXL IXY
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—VREEAN T, B allii 1l 4 WKRETCTEFT LoDl L, B.
aclada ® 4 IR ClIF 4+ 7 74—+ AF 1T 9.9-19.3mm, X/ I LT
8.0-19.4mm D 4AEFH & 7 o 7= (Table 19). &&H Eclx, 10 H&Z T3
ETFERAR SN,

ZDRERDP S, Boaclada D A HEIZ T ND RV X4 I XY — itk

THHA AR EHEREI N,
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Table 19. Responses of Botrytis aclada and Botrytis allii to fungicides on PDA.

Hyphal elongation (mm)

Group Methyl
Benzimidazole Qol
Isolete name Carbamates PDA
Common - thiophanate- benomyl  azoxystrobin
name methy!|
Botrytis aclada KF-Bal30 11.3 10.6 0 23.0
Botrytis aclada KF-Ba205 9.9 8.0 0 24.0
Botrytis aclada BaFS11-12 19.3 19.9 0 41.6
Botrytis aclada BaNW11-a 10.3 10.4 0 24.2
Botrytis allii KF-Ba225 0 0 0 25.3
Botrytis allii BaFS12-3a 0 0 0 9.2
Botrytis allii Ball2-6 0 0 0 15.1
Botrytis allii ~ MAFF 712062 a 0 0 0 28.2

a MAFF 712062 was supplied as B. allii from the NARO GeneBank.



3. WL RV XA XY — iR D oA SEH

PDA £5#h | C B. aclada DA E PR I NNV X4 I X = R3E
Alic2owT, 5 4 BEOBENDHEEKEZ W Tt o SR %2 BEE L 7-.
1) 77

2009 2 5 2017 FFHEHN D X~ 4 ¥ b i L 72 K ETFBURE I 2w
T, 47 74— FAFAKMANCH 5 2 ERZHEZEW ETREL 7.
S EEHERIZS 4 =L, PCR-RFLP i CRIEL ZHHKkD 5 B, 4H
D B.alliirl H¥k & B.aclada?2 Bk % B \7= B. aclada 29 FH & B.
allii 66 B MK % Fi v 72 BHE X 2009 4E1C 2 BFE, 2011 4EiC 6 B kR, 2012
AT 6 HBR, 2013 4 18 B kR, 2014 1 8 HifkF X 8 2017 4 ic 55
FHRAEBHAL, chdbidecdtifEo T B A x4 XEEMEZED 8 1M
W8 R, hE RN, =5, & RRE, @), Gl e, de
Ris X CBERIET) CHr P IcRE L 2 BERBER2 S B L 72 D
THh 5.

PDA ¥i#h FCHIR B L 2 E k%, 0.39—1600u g/mL © 13 B¢} (0.39,
0.78, 1.56, 3.12, 6.24, 12.5, 25, 50, 100, 200, 400, 800 ¥ X ¥
1,600 pg/mL)DF 47 72— b AFALREICRDZ LIy TV Y M
KHAFI(F A7 74— F X F NV T70%) ZFM L 72 PDA Ki#iic, 6 mm @
AN KR=TF =TI B ZEHZ % 32T OB L, 200CHEE T K
BLZ., THRICEZ20 =D 22MICOWVWTaLIR—7—DF»5H
Dan=—DkiHETCORIEZFUL, 3 20aw=—DFH% KM

K& L7, ikBiid 2 BT 7.

2) R
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BiiE 2 v 2N PEERE o # R & Wik o B Ay Ji 2z Table 20 I
N LU 72, B.aclada29 Wk, B.allii66 HkEMREL-E A, RIKER
fH 12 (minimum inhibitory concentration: MIC) D#EE 5 4f X, B.
aclada Tlx 17 Btk (59%) 2 MICs > 1,600 ug/mL, % b o 12 ik

(41%) 28<0.39 pg/mL & MERTEEZ /R L 72, B.allii 13 66 k2 T T
MIC 28 0. 39ug/mL=7 5 7. Koenraadt & (1993) ic X% &, &E
MftEpE X 500 g/ mL A ECHEBL, HREEMMENKIT Spg/ mL CTEF
T2 50ug/ mLCcldEEFERT, EXMUKITZ05ng/ mL CIIAEFCTE
BWEHELTWS, ZoRki#ickEkowt, MIC 28 1,600 4 g/ mL % #8
2% 17 ® B. aclada B 13 & E M, MIC 28 0.39 4 g/ mL Kif oD 78
¥ (B. aclada 12 Btk X O B. allii 66 W) 132 L L 7-.

B. aclada 2357 #f X 7z 6 il o 5 B FBIET % fr < 5 #uIE <A < Mk
W ERR X L7z,
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Table 20. Geographic origin of gray-mold neck rot pathogen used in this study and their sensitivity to benzimidazole.

Number of strains®

Ge&gﬁgcll(c;%r;gm Botrytis allii Botrytis aclada
Total sb R Total S R

Takikawa 2 2 0 1 0 1
Naka-furano 1 1 0 2 0 2
Mikasa 16 16 0 0 0 0
Furano 5 5 0 10 3 7
Iwamizawa 19 19 0 4 0 4
Kitami 8 8 0 3 0 3
Kunneppu 11 11 0 0 0 0
Yubetsu 4 4 0 9 9 0
Total 66 66 0 29 12 17

a All strains were isolated and identified using PCR-RFLP.
b S: sensitive to benzimidazole (Minimum inhibitory concentration against thiophanate methyl is < 0.39 pug/mL).

¢ R: highly resistant to benzimidazole (Minimum inhibitory concentration against thiophanate methyl is > 1600 pg/mL).



4, BGHRBICX 3Ry X4 32— it o iR
1) J5ik

5 Mo BE Gtk % R L 72 B. aclada KF8T Witk % v 7=, #JIITH N @ 3
B 2 2 HMe=Ar "7 AN TCETCAEZ~F ¥ili%, 2013 £ 5 H
14 HicT\HEISICHEL, B L=, BIRE, 24 TBREBRZEEMEC
EESEME L~ (1B (7H 30 H, 2x105spores/mL), 100L/10a, 2 [A]
H 8 H 5H (4x105spores /mL, 100L/10a), 3 [ H 8/14 (5x 105 spores
/mL, 100L/10a)). X 16~17 BRicfTv, A2 T 720, AT
L2~ FEBICHEERBKLZ, ¥EFIX7H2HB3XU029H, 8H5
Hs XWX 13HiC, 47 74— F X FAKMA (FHa4: by 79 v M
AKFIFN) 1000 f5i, ~ 7 I AKMA (REs 4 @~ v L — FKFAIAT) 1000
G, 7T Y LOKHA] (REsh4 0 7w v 3 4 FIKHIAD 1000 £5#8 %
ZNZF N 150L/10a i L 72. 8 H 26 Hic X ot d 120-140 Bk % I
LT L, 5°CTHFRL, 20144 1H 16 HicRmEKAFAEL, R
BRo% & BibRfl (BiFRfli =100 — (WL X O FHRERFK /S UL X o 555 BK
) x100) #HEH L2, Az 1 X 12.6 f @ 3 8l TfT - 7=.

2) fER

i Ecitt %z L7-EFR (B. acladaBaKF-87) % F \» T [##5 < 3 A
DB ERBR L2 L 25, BRI 77 ¥ F LKAFD 75 2570
XL, A7 74— FAFAKMAND 21, X7 IAKHADP 0 TH
D, RYXAIXT = VRERICHBRFEILED b L7nd o7z (Table
21). RWfgEic X v, ¥ Ec@BoonzF 47 74—+ X F it 20 E

GL_LThiER .
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Table 21. Control effecttivenes of benzimidazole fungicides against gray-mold neck rot* (Takikawa 2013).

Incidence of

Fungicides replicates Number of deseased bulbs antrol e
survey bulbs %) effectiveness
Thiophanate methyl wettable powder 1 129 7.0
117 34
3 132 15
Avg. 126 4.0 31
Benomyl wettable powder® 1 127 134
133 0.8
3 145 6.2
Avg. 135 6.8 0
Fluazinam wettable powder® 1 140 1.4
2 133 2.3
3 150 0.7
Avg. 141 1.5 75
Non-application control 1 135 59
2 134 45
3 127 7.1
Avg. 132 5.8 -

a Highly resistant strain B.aclada KF-Bal30 was used as inoculum.

b A solution of thiophanate methyl wettable powder diluted 1000 times was sprayed.
¢ Benomyl wettable powder diluted 2000 times was sprayed.

d Fluazinam wettable powder diluted 1000 times was sprayed.

e Control effectiveness=(1-incidence of deseased bulbs in each plot / incidence of diseased bulbs in non-application control plot).



5, RVXAIXY—AVIMERD B-F 22— 7V VEIRTEIT
1) 75k

RYRAIZ)— At cBEET 2 303 B-F2—7Y VBIIET%
fANT 3 % 72 %, B.aclada6 Wik, B.allii2 B#k% H 7 (Table 22).
a) W2 50 DNA fillH

k25 O0DNAOHM X, PDA Kitthc 7 HRE®E L 2E X 5 2 &
ZHL Y, DNeasy Plant Mini Kit # W T1T o 7. #iiL 7z DNA (% 50
uL D TE Ny 77 —ICAMRL —30°CTfifl £ CRTF L. DNA BEE
F7 A —RT7 NV CELRKE L TR L,0.01-0.1ug/p LICFHEL 7.
b) PCR #4 g

B.cinerea ® B-F 2 — 7V vilHEiH], 2 F v 198—200 &L X 5
c&xtah7~z794~—+% v I Beb-F (5-CACTGAGGGTGCTGAG
CTTGT3') + Bcb-R(5'-GAAGCGGCCATCATGTTCTTA-3") % M v
T Zhang & (2010a) iCfE > T PCR %17 - 7-. PCR E# X QlAquick
PCR Purification Kit # W CHfifb L 72. #fifk L 7= PCR FEW 13 dbifF & >
2T LAz 2EASH Ty -2 v L, BHnEYIZ
figtir > 7 b MEGAX (https://www. megasoftware. net/ )%\ T7 7
A v bL, BRARYZEGHEEBEIBRALZ. RO -7 v 2T,
DDBJ / EMBL / GenBank i LC576599, LC576600, LC576601,
LC576602, LC576603, LC576604, LC576605, LC576606 & L T & f

L7z,

2) fER

Fig. 14 12, B. aclada6 WKk, B. allii2 Ftk, B X &M D B. cinerea
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LMD B-F 270 vEET (594bp) OHHEIEZEL A, 55
DIERZVE (32D B.acladas X O 225D B, alliikk) 13, ERZMEo B.
cinerea ¥R L FIFRIC, 2 F v 198 1 GAG W X /-, B. aclada ® 3
DD EEMEHIZTZ F v 198 28 AAG TH Y, SEmM D B. cinereaSD-
2HREMIULZE o7, Lo T, 2abFv 198 ickBF 5 GAG 2> 6 AAG ~
DEFED, B aclada iR o3 SEMEOHFKEZEZ LN 5.

L7z SEHET2 2 Ny 200 i TTCA2AL Tk Y, HRE DI
Hicxt)td s a by 200 0 TTC 225 TAC ~DOEHIIHER I N o
7= (Koenraadt et al. 1992; Yarden and Katan 1993; Duan et al. 2018).
ZORERIE, HHBRECHEED MIC 2R T MERERr 722 & &

— L 7.
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Table 22. Strains used in this study for f-tublin sequence analysis.

Strains _Year_of Gt?ografic qrigin Species® Culture medium
isolation in Hokkaido assay
KF-Ba225 2009 Iwamizawa B. allii sP
Ball12-7 2012 Iwamizawa B. allii S
KF-Bal130 2009 Iwamizawa B. aclada R
BaNW11-a 2011 Naka-furano B. aclada RS
BaTH11-A 2011 Takikawa B. aclada R
BFU1310 2013 Furano B. aclada S
BFU1316 2013 Furano B. aclada S
BaU2-8 2013 Yubetsu B. aclada S

a All strains were isolated and identified using PCR-RFLP.
b S: sensitive to benzimidazole (Minimum inhibitory concentration against thiophanate methyl is <0.39 pg/mL).

¢ R: highly resistant to benzimidazole (Minimum inhibitory concentration against thiophanate methyl is > 1,600 pg/mL).
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Fig. 14. Partial sequences of the f-tubulin genes of strains of Botrytis spp., strains of onion gray-mold neck rot pathogen collected in

Hokkaido.

Species/ strain

Name

1. B.allii KF-Ba225 (S)

2. B.allii Bal12-7 (S)

3. B.aclada KF-Ba130 (R)

4. B.aclada BaNW11-a (R)

5. B.aclada BaTH11-A (R)

6. B.aclada BFU1310 (S)

7. B.aclada BFU1316 (S)

8. B.aclada BaU2-8 (S)

9. Botrytis cinerea strain SD2(MG949128)
10. Botrytis cinerea strain Bt4-1(MG949125)
11. Botrytis cinerea strain GCY004 (MG949127)
12. Botrytis cinerea strain B20 (MG949129)

Species/ strain codon

Name QLVENSD

1. B.allii KFBa225(S)

2. B.allii Bal12-7(S)

3. B.aclada KF-Ba130(R)

4, B.aclada BaNW11-a(R)

S. B.aclada BaTH11-A(R)

6. B.aclada BFU1310(S)

7. B.aclada BFU1316(S)

8. B.aclada BaU2-8(S)

9. Botrytis cinerea strain SD2(MG949128)
10. Botrytis cinerea strain Bt4-1(MG949125)
11. Botrytis cinerea strain GCY004(MG949127)
12. Botrytis cinerea strain B20(MG949129)

Sequence
codon
CTCTGAC
CTCTGAC
GAC

>
o

A A A A A A A A=~
leNoNoNoNoNoNoNoNeoNe]
A A A A A A=~
[oNoNoNoRoNoNoNoNn)
>>>>>>>>
00000000

C
C
C
C
C
C
C
C
C
C

198

GAG
GAG
AAG
AAG
AAG
GAG
GAG
GAG
A AG
GAG
GCG
GAG

200

>>>>>>>> > > > >
[eNeoNoNoNoNoNoNoNeoNoNoNe]
000000000000
A A A A A A A~~~ =~
> A A A4 —A—A— - -4 -
000000000000
A A A A A A A A A=~
loNoNoNoNoRoNoNoNoNoRaln)
A A A A A A A A A A=~
>>>>P>>>>>>>>
A A A A A A A A~
000000000000
ODOO0OOO0OOOOOOO0O
>>2>2>r>2>>>>>>>>
A A A A A A== —

198| 200 210
ElITENCRIEDENREFAR UNYRDNINC



€8

a DNA, b Amino acid.
DNA sequences of at codon 198 and amino acid position 198 is boxed 1-8 Onion gray-mold neck rot pathogens collected in Hokkaido ,
9 B. cinerea strain SD2 (highly resistant to benzimidazole), 10 B. cinerea strain Bt4-1 (sensitive to benzimidazole), 11 B. cinerea strain

GCYO004 (highly resistant to benzimidazole), 12 B. cinerea strain B20 (moderately resistant to benzimidazole).



6. XV XA XY = ViM% &L Botrytis aclada D 5% i R HT
EAEE it R 3B A B B. aclada ETHER R o5 > T v B
allit DENTHEERICO VT, B-Fa—T7 YV vilfefie—Frvavy s

n7 4y (HSP60) Bin+ OHEERI H & RAFIENT %2 1T 2 72,

1) 75
B. aclada 6 Wk, B. allii 2 Bk L NITE wiEHMD B. allii 1 BB
X O B. byssoidea 1 k% 72 (Table 23).

B-Fa2—7VVBIEFITOWTIE, BdR 3. EHEERY X4

/141

%

N
I

JUTIH TR D 3 A BB S & 2 Bl Al 2 B v 7z

t—trravyr7ur 4 vofaiieEET 2 X5 ICRI Nk
77 4~—+x v b HSP60f (5’~-CAACAATTGAGATTTGCCCACAAG-3’)
+ HSP60r (5" ~-GATGGATCCAGTGGTACCGAGCAT- 3’) (Staats et al.
2005) Z FH v», Staats & (2005) i&fit > T PCR Z# 47\, Hivb 3. HFfE &
RY XA IR = VER O AR L Rk L THRERN 2S5
S -EH @l 7 b MEGAX (https://www. megasoftware. net/ )
ZHWTT 74X v L, BRARI 2 &OHEBEZERL TRALEICX
)

M
anf

SR EERLZ (7= bR+ 7 ¥ 7{E 1000 [q).
ZMREH L LC, DDBJ] 2* 5 B. cinerea ® 4 Fkk, 7V b7 r—7&

L C Monilinia fructicola ® 1 B ¥ © iy % 15 7~ .

2) FEHR
B-F2—7V vBEETFHEEO 594bp B X O HSP60 &5 T B O

1,058bp DS %1%, ZH X OHB OS] E D w7 Rl 2 fF L
34


https://www.megasoftware/

CB-Fa—7 Y VRIETFHIEIE B alli & B. aclada %< < IE 1M
Mhim <, R <X, B. allii, B. aclada¥ X U B. byssoidea 1 FE
FGUKRERIL—FICHEWT, B aclada W & BZ D B. allii,
B. aclada 3 X U B. byssoidea % 77\7 5/ — FRHFEEL . &/ —FDE
R EE X T2 > 72, ZEICH W B. cinerea 3 * N Z N RV X4 I X
S LI B EER S R B, H 0L — FNICE L~
(Fig. 15).

HSP60 315 T4 55 < RMM T b, B aclada Otttk & K21
D B. allii, B. aclada ¥ X O B. byssoidea % 53\ 258 )17 7 — N 2’M71E

L 7= (Fig. 16).
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Table 23. Strains used in this study for Heat shock protein 60 sequence analysis.

Sencitivity for ~ Genotype

Strains Year Region Identification® . e
benzimidazole  description
KF-Bal30 2009 Hokkaido Iwamizawa B. aclada HR® E198K
BaNW11-a 2011 Hokkaido Naka-furano B. aclada HR E198K
BaTH11-A 2011 Hokkaido Takikawa B. aclada HR E198K
BFU1310 2013 Hokkaido Furano B. aclada sd Wild-type
BFU1316 2013 Hokkaido Furano B. aclada S Wild-type
BaU2-8 2013 Hokkaido Yubetsu B. aclada S Wild-type
KF-Ba225 2009 Hokkaido Iwamizawa B. allii S Wild-type
Ball2-7 2012 Hokkaido Iwamizawa B. allii S Wild-type
NBRC 9430° 1971 Hokkaido B. allii S Wild-type
NBRC 9431 1971 Hokkaido B. byssoidea S Wild-type

a All strains isolated and identified by morphological features and PCR-RFLP.

b E198K means point mutation at codon198. Amino acid position 198 changed from E (wild type) to K.
¢ HR: highly resistant to benzimidazole fungicides.

d S: susceptible to benzimidazole fungicides.

e, fNBRC 9430 and NBRC 9431 were supplied as B. allii and B. byssoidea from NITE, respectively.
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g4 | B.aclada BFU1316 (S
B.allii Bal12-7 (S) |
L (B.byssoidea NBRC9431 (S)| -
_{Balii NBRC9430 (S) ]
” B_alli KF-Ba225 (S
: B.aclada BaNWi1:a (R)
B aclada BaTHITAR.

Botrytis cinerea strain SD2 (MG949128)
P Botrytis cinerea strain B20 (MG949129)
9 \Ttnﬂis cinerea strain Bt4-1 (MG949125)
Botrytis cinerea strain GCY004 (MG949127)
Monilinia fructicola AY283678

0.010
Fig. 15. A phylogenetic tree based on S-tubulin partial sequence of Hokkaido isolates of gray-mold neck of onion and DDBJ database.

NBRC 9430 and NBRC 9431 were supplied as B. allii and B. byssoidea from NITE, respectively.

Monilinia fructicola was used as an outgroup.
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— B.byssoidea OnionBC-76(FJ169661)
B.alli MUCL1150allele 67(AJ716052)
ek i ]
B.byssoidea MUCL94(AJ716059)
B.byssoidea NBRC9431 (S
30 §B.aclada BFU131 ; ) I-(J
— B. aIIn UCL403allele 37(AJ716056)

049)

o

94

= L Balli MUCL403allele 38(AJ716057)
L B alli MUCL403allele 39(AJ716058)
L B.allii MUCL1150allele 73(AJ716053)

o E.acfﬁeﬁﬁ* AR
5| 1836
Baclada BaNWitla 2-
B.alli MUCL403allele 31(AJ716055)
B.aclada OnionBC-18(FJ169657)
B.aclada PRIO06(AJ716051)
B.aclada MUCL8415(AJ716050)
B.allii MUCL1150allele 76(AJ716054)
| B.cinerea MHT4(KY264675)
= B.cinerea SYC11(KY364368)
B.cinerea SM1(KY275257)

‘"l...

Monilinia fructicola LMK125(JQ036079)
—

0.010
Fig. 16. A phylogenetic tree based on HSP60 partial sequence of Hokkaido isolates of gray-mold neck of onion and DDBJ database.
NBRC 9430 and NBRC 9431 were supplied as B. allii and B. byssoidea from NITE, respectively.

Monilinia fructicola was used as an outgroup.
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bhehote, i, FAZ7 72— AFALER) I, BHRRK
TR & B2ERL 72,

B oallii DX v X 4 327 —Viittk ik, BN ciREE (W25 1978)
Y = 2—Y— % v F (Viljalinnen-Rollinson et al. 2007; Khan et al. 2010)
THEINTWE2Y, b5 0% CHRFEEENHMECRE SN TY
W, ZO7®, R, 24 FKEBBIHEEICO W TR Y X4 3
X = Vi %#H § % B. aclada % 57 AV T ik % v CIEHE I [H
ELTRVIOEH TH 5. £ 7=, WitEH O RKEFEDE - Z ] 5 5 I
L7zlELLTHHI®OTTH B.

RYZXAIX)=nF B-Fa—T IV vEy XIJECHEAET S LT
BEWEW L2 BT 25, MEORECEIRERNE B-Fa—7 V) Vo
EABMEOET Z/8 3 (Davidse 1986). 43 LA Tlk, B-Fa2—
7Y VEETFDOI N 198 ICEB T 5 GAG 2 5 AAG ~0 1 I iE 1 13,
B. cinerea # 0% DXV X4 I XY = Vi E0 R RE ClRE ST
\» 3 (Koenraadt et al. 1992; Yarden and Katan 1993; Ma et al. 2003;
Maymon et al. 2006; Zhang etal. 2010a). Z Z TI3, B.aclada D & i
Wtk B-Fa2a—7 ) viBlntToa vy 198 pERICKY, 7 I 7B

INEIVBIPOL) Y VICEZH b TWE Z L 2L -,
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FATZFFA— P AFAEI I 72V ALTOREY THET v & —
KK (BEBFA 77 FA— P AFA25%FB XY 72V NS
12.5%, HAHEE) X, 2~ FKOBRHRICERDOH 2 N-7 2 =17
AR — P REEAITH . —KIT, VXA I XY — LD EEEE
X, YZ b7 2 v AN TICEZHEDL S 5 (Leroux et al. 2002)., L 2L
BYBL, VI b7z vAALTIENL CREMYE%EE T 5 B cinerea D~
YAA IR = VN7 4 — v By EERR 2SR H X T v B (Malandrakis
etal. 2011; Meng et al. 2015). 2 F ¥ 198 232 1 b 2 O D % Al o H=#Yy
WAL cH b, a kv 198 icklF 3 GAG 2065 AAG ~DER K X 72
TREYTr 72V Ar7EN L TREMEZHEST 22 LWL 2Tk
S TW3, KFFETERY XA I XY —ifERicowTy T 7 2 v
HNTIREZMEEEER L Rd o 7228, RWIETHE SN B aclada D~V
XA IR = AMERIEY = F 7 2 v AN T ISR Em % R AR
Bd 5.

A3 - B (1981) 1 1980 FHi#2ICEN D & ~ 1 F K & R O i
BR% D 5%Hie CHEB L T eMmELTwa., AP EMLZ 2009~
2017 FOFETIES 2L S L) L% REG IR DLONE D2 -2, K
WFgeic B 2 @G RE ik, A B aclada OEESMAET TR v X
AIX)—NVRFEROHRMELEL KL 7o 7. BN T HERE 2
KL Tw3iLd2rbbd, KFALZHEL TR WEREICDWT
LAPIcERL%.

dbiETiE, 2=4F¥20 5 A EAICHMicBEIA®, Vv X3
) =N B I FIEHFEAEFEOKRER 2, IR O 7~9 HITE

fixih (WD 2017), Botrytis J&IT X 2 BERE RN E & X2 R
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LR IThbhTwd, 2oy, RV X4 I8 =PI o&KHE
Al A3, TERE QRS 2 il © b IKERBRZ ZRICHE L Twd e
Abd, WEOE ZAMERBEICER T 2KEERIFOL FEITED
LN T wA, FERCHIFICX 5> Tt B aclada DEGHEL k5 C
Lo, RAMEORBRIISRDFHEECMERELZE=2) Y7 LTw
CHEENRB I NI,

B-Fa—7Y VBETHSESH» LML N RHE I, iR e
BEZWEHRE DTS — FBFEL, 2 F v 198 LAk < b itttk & sz
HRIZEENICHELIHN T WD 2 L ZRL . HSP6OTR A 2 515 6
N7 R BWTH, MERIEDEEHIC 220 5 FRZ MO K G T
JW B X B. byssoidea L I D 27 52 x2—ICE@ L. 20 Ehrb, HEH
TR SNt B aclada thiz 2~ % ¥ O RKIE K2 & Bl & 3 i
JROHP TR 2BEMNEREZFE o ZEHICHK T 2 WTREM 2R X
ni.
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WOT ATAFDEHAT VLM

Ko~ A XK WO 1 R B I v o BE IR Y U C U ~ B ek P o
fif 2 T HIE T % (Chilvers et al. 2004) & T h 35, KIFOHARFRAEICE
W, EFPIMICECHBABRINSG ZLFIFLA YR, INERIC
BROJEHBUEIR & L CRIEDSHR I NS, ARG D b FFICE 2 28
PRELZFICOVTEAHET S BE W, T clikkiHx, £F
B ORI S INEERICERNBEI» LTV S,

RIFFE T, BN RPREREZMEEST 2720, &~ FHERFICK
LT WKRHCEFTBRAT -V EHL2IKT 2L 2ZHBNE L CHHE
Py s~ o B fl B % 1T - 7.

1. BEREIRAT O\ A FE IC IS

1) 75k

2012 SR iciE)I oG ics W, 1 X 308K 3EFTIT>7. 5H 19
HICEM L (ffE:dbd AL 2000), BRI 2O KIHEREX 3 7
A 18 H, QOfFIRAEMEXIZ 8 H I HICITo 2. BEHMITwIND EE
TV, BREEEZLACEEZ3ESN—¥E 1 KRT2ER (b7 4 3)
T3 ES~10cmE I OEMHICEZN T =T 1IHHWEL, K%
HALIC o BEEMIEAEMT 2 L5 1 LML 2. BEMIFEIE PDA PR
Beih ¢ 2 ARG #E L 2 E K (KF-Ba205 W kR © Botrytis aclada) 7> 5 43
A& B, 1008 /mL CFHEE L 72 0 4E R 2 v 7z

Ml 8 H4 HICHER2BEY, 8 H 11 HicfifREiE w7, B

Yvx 8H 24 HiciTv, 9 H 9 HIcUUHE, JAE#% 10 A 3 H» 5 5°CT
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BrE L 7=, 20134 1 H 23 HiceERZUM L, K2 EHL 7.

2) fER

fid % Table24 IC/R L 7=, #WFEIZT 7T H TH O EHEREX < 10.1%,
TEHBEMX T 4.4%, 8 H LA O EMBMIX T 1.1%, FERLREMX T 2.2%
oz, BRIERHAO7THTHICERICEELZXTRREIERD S 2o 7.
WINOXHTERPICEY - ERICHKBE AR - EEEZE bk d o
2. WTENOEMIFH O ERBEEX cO FEBECRBLH Y, 7T~8 A
HA > BEIC IR L 72 R R TR 28 INBE IR 12 X e ~ B 22 IC BZE L RIR IS E B

TEBREINT.
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Table 24. Incidence of gray mold neck rot of onion at different inoculation times and site (Takikawa 2012).

Growth stage Inoculation  Inoculation Number of Number of . Ratio of
. . . diseased bulbs
of onion date site survey bulbs  diseased bulbs (%)
Bulb development 18-Jul Leaf sheath 89 9 10.1
18-Jul Leaf tip 90 4 4.4
Neck fall 9-Aug Leaf sheath 90 1 1.1
9-Aug Leaf tip 90 2 2.2
Non-inoclation - - 89 0 0

Onion leaves began to fall over on 4-Ag and forced toppling on 24-Aug. Bulbs were harvested on 9-Sep and stored from 3-Oct at 5°C.



)

2. PEREIEHA S F8HR 1 KIE 3 E

1) J5ik

ARBR L, 2011 3 X 2012 4F i, @M MNEE T o 72 (EEaHE - db
b A& L 2000).

MR & L € KF-Bal30 (B. aclada) % 7=, ¥ %, Botrytis |&
WIS X 2 ABEEMB O W R CH 2 BEK 1 2 Atk &, ERIEKBHA
M, ERAEKIA, fEIfR4e, BIRIA, EIRE, RYI0 Ms X I ER £ <
DEBFIC AT BRBNROBEZEMIC X VITo 7. BREEOEMRICY -
> T, 2~ FHEZOHEE 2 UM L, = oUW ic, PDA K< 20°C
2HEMBEL R INnE T2 EGEMEL, EMEiX%E 15 "CTH
BELTHETIERET S, SETFIREIZ 1X10°H/mL LA R L,
Tween 20 % 0.02% (v/v) K723 X5 AL T, 100 mL/nd (W55 #
MICXV2~2FER D ICFENRIRE) 2ERKICEBEEL 2. KHE
FEBRAT —YEIC, 3 HEK T T\ (Table25, 26), #HEMEZIIANR
WL L7z, £, BMENSCEEPBREOERICHE T LRI N
2, TOREENMLLE0IC, 2011137 A7 H25 9 A1 H
T, 2012 4Ei37 A17 HA25 9 A17THE oMM, BHY 5 154
il 3 2 b O BOKEEE CHUK L 72, WEFEEE IXEUKEZ ST - 72,

NEHED 2~ FIIAEZL 5°CTlIF L 72, &P o 1 Hicaikic
DVTHE»LORIFOEMEZHTEL, BWIEKRD R ZHMICYIB L CIKEO)E
W AR Z G L 72, I T AEERG M hlr2& T35 3~
4 He L, §X_XCOREMICUIN L CREIEBRAEMEREFHEL, 2 [
DFHEBEDOEG Z R E L CRFEKRwEEH L 2. IKEEBEOER

PR LN, BREIOKEXICEHDLLTTRTRKERE L 7.
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2) HEiR

2011 FITERE KB ~ERFOERMIC X D BREKD 2 EmLS 2D,
WUV OMIcHERERZLED b7z (Table25). 2012 4%, ZKiE
K OEREIC X 2 KMB% WHE AR S 7z (Table26). /2, Wi h
OEMECTH, EFHMPICKEREROREIFE D b T, AFIC k3
R 7205 72,
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Table 25. Incidence of gray mold neck rot of onion at different inoculation timing (Takikawa 2011).

. Number of Number of Ratio of
Growth stage Inoculation . .
of onion date survey diseased diseased bulbs
bulbs bulbs (%)

Bulb initiation 7/11,12,13 287 96 33.8a
Bulb development 7125,26,27 326 131 40.1a
Neck fall 8/10,11,12 362 108 29.7 ab
After forced toppling 8/24,25,26 322 17 52D
Just before harvest 9/6,7,8 323 48 14.8 ab

Onion leaves began to fall over on 4-Ag and forced toppling on 24-Aug. Bulbs were harvested on 9-Sep and stored from 3-Oct at 5°C.

There is no significant difference at the 5% level in the Tukey method in the sections with the same lowercase letters.
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Table 26. Incidence of gray mold neck rot of onion at different inoculation timing (Takikawa 2012).

. Number of Number of Ratio of
Growth stage Inoculation . .
of onion date survey diseased diseased bulbs
bulbs bulbs (%)

Bulb development 7/18,19,20 251 34 135a
Neck fall 8/6,7,8, 253 14 5.6 ab
Forced toppling 8/21,22,23 271 9 3.5ab
Just before harvest 9/3,4,5 248 11 4.5 ab
Non-inoclation - 239 1 04b

Onion leaves began to fall over on 2-Ag and forced toppling on 21-Aug. Bulbs were harvested on 10-Sep and stored from 5-Oct at 5°C.

There is no significant difference at the 5% level in the Tukey method in the sections with the same lowercase letters.



3. BH

MR X ECERFICRITTwEZILRL L 25, K
JIE R B ~ (B AR B o> 3E B ic e U 72 R i B 2% IR IRg AT 13 i 0 ~ @ 2 i 3
EL, WRPOBMECTORFICE S Z & ARI N, BefE R E R
K0 DI ©, BEHEAAIZIER X b HRITIE < O TEH CHRFEREK
m o 7o, R (1971) 1%, AIFOH TS, FWKRICER I 2 i
JBHIER D S v e LT\ 328, BREEAKHA DI o b 5 R G 13 iy S
IO N LR RENT.

T, ZAFBREBBOFRICEREL LT WK - AFHFRX T -V %
O I2 3 % 720 OB Z 7o 245K, RYI Y W~ I ER XY
b, BRIE KGR~ ER ] 0 Beid CRIFERE 2R Em < %2 5 2 L 23 H 6 2
g oo, MR (1971) 1%, WOER R EZ T e rh O P JE Mok 78 42 o X
1= XL EEME PSR L & L 2 AR EE O 7041 23 IR O
EHHoGLHTROBHFICI Y ZAAFIRATEZZDLE LT
5. COMBAICX e, INERICIERTICEHEILOZH WL DINEER
MO 2WEHORAICIEANEEZLONS. LELAPEDL, K
BT, BUKICX o CHENPEZELR EDOR[RREFEMEPRELEICE 2 25
BE/NEILLT, WTFROAEF R T — 2 T b B ICIr#E 7 Ek o 5tk
ERoCTEELAZL A, EFHTH 2 BN KBH I ~ER I o
TRFKO DB E o7, 20 Lid, WHPYOENCEECLEEALD
ICEBEICELZEBARAT VR HAZ 2R LTEY, MEOHA
CEEERLIREEANZALDPFEET 2D LEZLONSE., TNE TK
)5 B D B BR R 3013 AR I ~ IV EL AT I EE 8 2 T % 28, X
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TAFORFICH T 2RO LLTIoARB L, TN XY ETDEKML
KEAIR M ~ BRI 2 PRI & L TEHELZZ 60 5.
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5 7E PRRER

AKFEFHEBIETRLAELSIC, BEFELHEL TR WRUICH S, 12D
b b3, WEPOREN RS KOG, H, INHER % [ bR E R
ELEEABA L ZIN T EIRAICH L., FomTRLAEZLIIT, K
D% IO T D BRI L, U0 A~ I ERT X Y b, BRIEKBE
BRI ~ERICH B LWL R DL, HHENET S 72
D D )y 2B B Bk i T A7 0T ) O A B R 2 R ET L 7. BBRIC I H RS
ol FREKHAARHTHL L2, 2vAFOEFBRAT -V %
WL CEMEITS 2.

AT T NORBR T X~ AFOFELARIRFEETDH 2
FIPESERG IR O W) FERE A 20 & B AR L 72, A i3 A BEBEAN R & K 6 )5 IO
DM FICEFD D 2 HHH»LEY, A7 YF LKA (Bt : 78
v A4 FOKHIAD 1000 5, 72 vy F o X FUKMA (s ~rv2s
— FOKFOAI) 1000 f5, KA H Y FKMA (Bt H Y X2AFI74 70
7 7 ) 1000 f5 % v T, 150L/10a (EBEH & L T2 7 v SHH)
ZHUA L 7z

mE, VAL IZY—AVMEORERIL S, FAET A - X F
AOKATAD (BE& A 0 by 7Y vy MAKFIAD B X = I LKRFTAT (7 &

for Ry L= FARAIAD B LA e L.

1. SR ECAR B HA & B R h 3
1-1. EHUKSEMHT ©coaliE
1) ik
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a) 2013 43 )1 3 Bk

5H 21 HicERE L, #8126 H 26 Hic KFS87 #k (Borrytis aclada) @
A 1TRKICOENEDOM 2 HiTic 17 —2Fo, REXE 0@ ICH
HICHEL, TH9, 10, 245X U825 H, AN 8H9IBXU22H
ic KF72 ¥ (Botrytis allii) & KF87 ¥k 4y & ¥ ¥ (1 X 105§ /mL)
ERIEA L T 50-100L/10a W HEHME L 72, B X X R 30cm, #H
11.5cm @ 1 X 144 o 3dl& Lz, FRIF7H24HICIHEEY, 8 H

HICRYI Y %47 >72. 8 H 27 HicNfsk, MEZL 5 CTHHEL 72,

B A H & % H o 37512 Table 26 iR L 72, &3 ANIZEEH (7%
WA 753 vS) % 3000 5N L CBAE L 7.

20144 1 H 15 3 X016 HICHE &R T 0 2ERICO W THEL» b F
WORMEZFAEL, 4 H 25 X003 HiceBR%Z MW L TG BK
FIRER & FHE L 7.

b) 2013 4F 3l )i il B
5H20 HicEfL, #Mixz7H16H, 8 H 6, 15, 29 Hic Ya2C #k
(B. aclada) & KF87 #k o 4r/E ¥ &M (1x10°ff/mL) 2% HEAL
T 50L/10a BB L, 8 A 15 Hic KF87 o %% PDA L (9cm ¥ %
—L) THEEL, 1Xd2Y0 1/4 0., AKX hickE L2, KX
IZBERS 27cm, FRR 10.5cm @ 1[X 432 f o 4@l & L7z, ki 8 A
Hickig v, 8 A28 HIZARYI Y 2f7o72. 9 A 11 HIc MR, EEZ
L 10°CTHFE L 7=,
Al oBMmAH L& HOMHIER X Table 27 1R L 2. £EA X RE

Al (Bt 277 3vS) #3333fFCmMML CEeAm L 7=,
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2014 F 1 H 14 HICIHBEFRFOLERICOWTHE » L RIFEOHIER

AL, 4 A3 HiceRZMICUIB L CIKEBIEBORFAERR 2 5L 72,

c) 2014 43+ ) R

5H 14 HICERL, #MEix6H24H, 7HI17H, 8H 4, 12, 27 H
FLUWIH 10 HIC Ya2C #H D 43 4& F B (1 X105 /mL) % 50L/10a
WHEEE L., RBRXI3 1 X 43200 48$E Lz, #{RIZ8H 8H
CIRE Y, 8 H 27 HZBYI W #17o7. 9 H 11 HicIU#E#, AL
10 "CTH L 7=.

HHoOBAHAH &K HOMHIEHR T Table 28 IR L 72, FEAIIEE
Al (% 2773 vS) % 3333fFcmAL TEUf L 7=,

#2015 4 1 H 14 HICEFEE T 0 2BRICO W THEL A & FiK o F

ZIHAEL, 4 H 2 HIiC R Z M YT L <G BOm R Bk & 5HECL 72,

2) fESR
a) 2013 7@ )1 5 &

2013 4E3 )1 3B D #5 S % Table 27 I/~ L 72, P BRIX THRFIK %27.3
DEFEZHET ORI E 72 o 7. EURATO EZEELIICHFR2ITH 0] -
X TRBBRMERE O NI o 722, BRI B % L 72 X THiBR%D
RO OLN, ZNLUBRNEERE CEMAZITo CTHPRME TR EL
mh ot ¥, FEEXNE CREZ T ICERBL» OB 2K L
XCTb RO EL T o, FURBICHAT 2 L 722 T o X CHiR%h R
Honr.
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b) 2013 43I+ ) 5 BR

2014 7 HF Bk D #5 B % Table 28 IR L 72, EFFERX THIHK %
187 D% FAEZMH T CoOME L v o 7. IRIBKMKBW cifm 2T H Y -
R TCRBBRMESEONZD DD, ZORNRIFCREDL o 2. FIREA
D% L72X TR R 2RO b, 2 N LARINEER £ <8 2 1T
> TOMBRMBIIZED O b o 7.

c) 2014 Gl JF B ER

2015 fE T FF kB 0 FE 5 % Table 29 1T/R L 7. R X THFERK
31.6% DEFEAESFET coRB L 7 o 2. ERIEKBHIRI CBfm 2 T 5 U
S7RX TR ELRE O N2 o7z, HRPOBAEZ L AKX T, KW
RO OMIBRMEIRD N, TN UBENEERE THMZIT>TH
BibREh RIZ K& S kLo,
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Table 27. Incidence of gray mold neck rot of onion at different timing to stop fungicide application (Takikawa, 2013).

Tirmiing to stop dates of fungicide applications Number of Number of . Ratio of
application 6/24 7/8 7/24 8/8 8122 gryey bulbs diseased bulbs diseased bulbs
F K B F B (%)
Bulb development O O - - - 515 164 31.7
Neck fall ©) @) @) - - 512 27 5.3 **
Forced toppling O O O O - 513 27 5.3 **
Just before harvest O O O O O 521 18 3.5 **
After neck fall - - O O O 488 23 4.7 **
Non-application - - - - - 495 134 27.3

Fungicide F: fluazinam wettable powder, K: kresoxim-methyl wettable powder, B: boscalid wettable powder.

Onion leaves began to fall over on 24-Jul and forced toppling on 12-Aug. Bulbs were harvested on 27-Aug and stored at 5°C.

Inoculation with spore suspension on 9, 10, 24, 25-Jul, 9, 22-Aug and with sclerotium on 26-Jun.

In the * and ** sections, there is a significant difference between each treatment and non-application at the 5% and 1% levels in

the 2 test, respectively.
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Table 28. Incidence of gray mold neck rot of onion at different timing to stop fungicide application (Kunneppu, 2013).

Tirmiing to stop dates of fungicide applications Number of Number of . Ratio of
application 6/19 7/5 7/17 7131 8/15 8/29 9/9  sypvey bulbs diseased bulbs  156a5ed bulbs
F K B F K F B (%)
Bulb development O O O - - - - 220 20 9.2 **
Before neck fall begins O O O O - - - 286 16 5.6 **
Neck fall O O O O O - - 292 16 5.5 **
Forced toppling O O O O o O - 291 13 4.5 **
Just before harvest O O O O O O O 289 11 3.8 **
Non-application - - - - - - - 180 34 18.7

Fungicide F: fluazinam wettable powder, K: kresoxim-methyl wettable powder, B: boscalid wettable powder.

Onion leaves began to fall over on 5-Aug and forced toppling on 28-Aug. Bulbs were harvested on 11-Sep and stored at 10°C.
Inoculation with spore suspension on 16-Jul, 6, 15, 29-Aug and with sclerotium on 15-Aug.

In the * and ** sections, there is a significant difference between each treatment and non-application at the 5% and 1% levels in

the 2 test, respectively.
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Table 29. Incidence of gray mold neck rot of onion at different timing to stop fungicide application (Kunneppu, 2014).

Tirmiing to stop dates of fungicide applications Number of Number of . Ratio of
application 6/24 7/18 7/22 8/6 8/11 8/27 9I9 survey bulbs diseased bulbs diseased bulbs

F K B F K F B (%)

Bulb development O O O - - - - 228 87 38
Before neck fall begins O O O O - - - 297 52 17.6 *
Neck fall o o o O O - - 303 50 16.3 **
Forced toppling O O O O O O - 303 47 15.5 **
Just before harvest ©) O O O O O O 319 48 15.1 **
Non-application - - - - - - - 239 77 31.6a

Fungicide F: fluazinam wettable powder, K: kresoxim-methyl wettable powder, B: boscalid wettable powder.

Onion leaves began to fall over on 8-Ag and forced toppling on 27-Aug. Bulbs were harvested on 11-Sep and stored at 10°C.
Inoculation with spore suspension on 24-Jun, 17-Jul, 4, 12, 27-Aug and 10-Sep.

In the * and ** sections, there is a significant difference between each treatment and non-application at the 5% and 1% levels in

the 2 test, respectively.



1-2. BOKSEMFET T ol

1) Ak
BRI, 2013 FICHEI T NS TIT - 72, B L5z 1508 Y o 38 47 1
WET kR T a0, 7T HEA»ERE coE, BHY

7510 32 2 P R OBUKEE CHUK L 72, BB EEIIBUKERICT - 72,

5H21HICERL, #ME1x 6 H 26 Hic KF87 ko Hik% 1 [Xico %
R DM 2 HFTicl 7y —2F >, RBXEOMBEICHFCHKEL, 6 H
24 H, 7TH9H, 24H, 8 H9H, 22 Hic KF72 ¥k & KF87 ¥k 434 1
B (1x105{f/mL) # % &EA L T 50L/10a MEEME L 2. HERX
I 1 X 525 nf 3586 L L7,

EIfk1Z 7 H30 HicthE v, 8 H 6 Hicfl{RHivw%2@ 7. 8 H19H
ICHRYIY 247w, 9 H 5 HicIufEfk, BEZzL 5 CTHBL 7.

$EHl D BcAT A H & % H o 3 F1Z Table 29 iR L 72, & 3 H 13 2 35
#l (% 277 3vS) %3000 fFCmAL CEUf L 7.

#2014 4 1 H 15, 16 Hiclyga@dh o 2KIcOo W TH B2 L RKOF
WE2AL, 4 A 2, 3 HICRKREZHICYIN L C K@ BOW F W BR % 51K
L 7-.

2) iR

BHRIICHEKR ZAT DU o 7228, 8 APAIIZ LW CRE L, [ i3@EE
St hot., WUTIRX CTRWIRE 44.7% 0 ERAFHET oA L &
o 7z (Table 30). ERIE KW & X FERIICBm 2 bW - 2 X Tix, %
RERERZNZN 204% B L O 22.1% 7% o7, RUIY D 2 I IEE

MY CEHAEITo-2XTIEENEFN 10.4% B X O 10.8% 77 - 7=. IR H
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~REI Y BB BR 2 1T o 72 IX CHIBRDIR 25 2> o 7z IHE TEC AT o 28 71 B

MIZ K2R OM EIZED o Nmd o T,

109



OTT

Table 30. Incidence of gray mold neck rot of onion at different timing to stop spraying fungicide under watering conditions (Takikawa

2013).
Onion growth stage dates of fungicide applications Number of Number of ' Ratio of
to stop application 6/24 718 7124 8/8 8/21 9/2 survey bulbs  diseased bulbs diseased bulbs
F K B F K B (%)

Bulb development o O O - - - 218 44 20.4 *
Neck fall O O O O - 226 51 22.1*
Forced toppling o O O O O 233 24 10.4 **
Just before harvest o o O O O O 225 25 10.8 **
Non-application - - - - - - 143 65 44.7

Fungicide F: fluazinam wettable powder, K: kresoxim-methyl wettable powder, B: boscalid wettable powder.

Onion leaves began to fall over on 30-Jul and forced toppling on 19-Aug. Bulbs were harvested on 5-Sep and stored at 5°C.
Inoculation with spore suspension on 9, 24-Jul, 9, 22-Aug and with sclerotium on 26-Jun.

Water was sprinkled every day from 17:00 from 7-Jul to 7-Aug.

Only the non-spraying section was tested in a two-section system.

There is a significant difference between the 5% level and the 1% level of no control of the 2 method in the * and ** sections.



HARRK T OB ICE T, EEXHCcHRzT b0 o X Tk
BiBRENE 2345 5 e > o 72 43, BRI BiBR % L 72 X T BiBRAI R 2345
bz, BAOBRMAPYUNT WD EEZ LN S RHIHICHEEZ B/ L <
b, BIREI X v (RUIY B, IEER) DPBRIC X 28R om Eid
Do o Tz

e LT, HoKIc X D INEERTE CHEHZAEEEF LT oTnk
i, BRI E coBUm CIRRBIRIETES Y, RYUIY BB D Bk
TEHEZLETHMRPMELAZ., cnid, HHED 25 WIEEYERIEICHE > T
W BIREIC X W KO E AT 7 5, BOUKILIE 23 B B 2h B o K
TZdb7bl-l-0lE2LNT.

6 E T &= 3 X D P O B R A2 M 1 BRI K B AE 1]~ £
RFICE N AL 2L oo, REORBME2 O 1X, FRATHEIC
SANEAT 24T o 2 X CTHIRZI RS/ o N TH Y, ER NI G BOE o
HAHRECH 2 L BHL L o7z,

BAE, Ao RIZERHI~INEERICERPE» N TS, ThIEE
IRV FRBEIC K 2 2~ 2 X EE B o5 A4 (i E = BN
1985) KR I NZZMREICEHE IV T WS, Z0MK, %<3 X 3HEKE,
LIFL IR efEfiicsy ey 7an i - IFsh ey, chp
IKEEBOR OB ERT e BRB I T, BEREREZICRY Y
FITo CRAREZRICINET 2R EAINTE D, FHIRELURD K
RYVR7FLRLRRZEEZLND.

RRBICBE N CHEHRBORBFEREOEFEECH RF IR D L,

BRI b S B 2 TR, RIWORBEE RS & FEA2 6N 5. H 3
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HOREFEBICHEHT 22, FWNEHFEIRFORFEAET 2 C
ERRINTEY, MEEHELITI L CRREELRDPEEL TV 25
T cix, RUIVHIOMREBEE Koz LRI NS,

kB, RifEZBLZUThoBEGHBRICETH, o4 FREIRIC
L2 EBRYIRLITo208, RBEFHETTHoTH, T2
MEBEXCOHRLERILS DT L2RREKZAFD TR, 20C LT,
(DARFOFEAEIC FERKD 2 WITERBICHRT 204755 »ITHE %
BMETH B L, Q)FEMEITo~2 7 A LAUBOREKICL 2 2 X
BRDBLHED 20TV X7 3O TEWI EEZRLTWS, KMo £
A FIKEOFBIR ORI L LC, MEGMEcEI LRI nirv% ¥
mEDHERCERGORED O OWIFEE T ER T ORBAHER T
W3, BANTH2AOTIE, EIEEN L X ~3xFITEWT, HifENERD
Ay Vv 7 LERECHKRKL2TZAINEG Z EACEETCHEGRT
CHBIN TV EFARAZTONZ, LarL, BEOENICE T 2 X
< A FRIRI T, BRI o W35 80 TR & 7 B R E BR BRI
KREBCWMEBINTVWEBHIZIZEAERL, 2L n%HEtL 2
VA7 IEEBRICEEwEEZ LN,

Eozbds, REobRESRE, BRIEKFGBH~ERACH
LMWL, ORI, 22 FOBEERETH L AMEMK O
PRIGHA L 1313 E R 2 2 &b, BEBESERNE & [FRFIC K &R Mo i b 2 31
DHHHEHEZERL RT3 T, BMARKEZESSTC &R ME
Mic%FxmEEcE 2 Ez2bn3 (Fig. 17).
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May |June |Ju|y |August |September |October ~April
Operation | Transplantation forced toppling  harvest Storage - shipment
Leaf growth [Vesitative growth _ neck fall
Bulb growth bulb initiation development
Practice control period _

Botrytis leaf blight gray-mold neck rot
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~

Y

Simultaneous control of two diseases

Fig. 17. Important control period for avoiding gray mold neck rot of onion frequent occurrence.

a: Onion field in July (bulb development period); b: Onion field in mid-August (neck fall period); c: Onion field before harvest; d:

Onions sorted and shipped after harvest.
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P O X CRIET 2 IKEIFEBORIZ, KT L RBELEELK
T\, 1980 FFRIEICE N D Botrytis JEH 1T X 2 BT JEE I F 95 Bk 23
5 %A CHEB L T (3R - WIH 1981). LA LAads, ENTX
~ 4 FITH R % £ Borrytis JBH 13 7 A T Tk H (NARO
Genebank 2020), ZNZNICERZHALEZEZONTVEHDD, W
Nd 24 XFOEIHEEEZFL, @Il L2372 wAMRo R EE 2
e h b, KEEBEOREREEORGE D SRR ICE BR8-S F AL
ICDOWTIEAHRE DSBS . RIFFRICE T 2 B o FEEFREHE I
BT, ZREHIRD ONT ., IR ET o7 2010 F2 5 2020 £ D
e L -HPRRo2bhdol. 72, MTERTIAKTDH
08, EFEETFHREEREY L) AFAED R, 2D L hbERKIE,
HEFERIERTIHRECE RS A>T 3LEx5.

LAaLadrs, HECTOEERG CRERN AL RELBELCAH
Wo oA CRH¥K 1978, A3 1979, FiH - BIH 1981, b 2 EBGE
1985) &% L IChEFHRF ORI~ INEER ICE L2 E» N, HITT
X, BP0 RGRI AN A F X ERS, BUI 0 W, IERT E
H%iC3 FEABAMBIITLDNALTHE AL 2017). ok, X<
A FORBEHEMARELKELEBL S, REOREKRR, FEEEICH
L7zsh N iR 2 BET L08R D - 72,

T/, EHICK o TiE S ATRICIKETEBURO R A% LRI 2 PR
EBFHET 5. 2017 FEICAF =V 27 B8 X HFHBENCE T, Btk

Dx=AXHPRMICIEH, ZFWHLRIKE 22 MERBFEEL TRE 2
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E o (ALiEERBGE 2020). & @ EJHK & 7 o 72 Botrytis

byssoidea |\ AMEREBIR OIRIEE CTH Y, Botrytis B 238 Z 3 7
JBRDHRIECTd H 5. EFEOmMBECME O F T, X=F FEBMHEK
HICEBT 2HERES Ao TEY, A FHFCHETLBMED
HFUL 2R EA TS, L2L AL 0FER, 4H4, 501K
REED e %, KT 20 o 2 B4R TS A2 5 6 HICZAER

L7, BRIEHKEIBEOBEKRICX2EREREZEL, HTORKRYERN
b, 2B THIECOPTCTHIELRKL R DD, FRFEKIT
g3, NEZORIICD 2B b hhr o7, 5H T A ICKEEKHE

PERTLEMTLOTHREL TR EILX, T D B byssoidea 1T X 5
FER CTH o 7z AlHetE 23 | o

AWFFE T, T X THEWN TIE Botrytis allii ¥ 2 < 3 F K 4 & BUK O
WIRE & LCifkbTE 2P, EBRICIE B allii & Botrytis aclada O 2
HM2RELCTEY, #HizICiER SN B aclada \XIAHFPIC /5 L T
Ll EHOPIC L, AEREEMLZSSARERITC, 2f0 5
BEARFE IZE E GFTIC X o Tl AR - 7288, &fke L CENTIE B allii
B THoz, MUEBESRECHRKRLZGA, MEORFEME X, ¥
LUOBEX Lt CFkTH Y, MEOREICH T 2 KIGICd 2RI
mOOLNLr o, LRICHELLE I ED > TWVEDHNITDWTAER
HECTIEHL2LICTE R o0, SBFE-ZAMALRFGFEZNE LA
THh 5.

T, RFFECIENTHRESRE L CHEEZToCEBY, EN

LI D S AR Ic O W T3 FHE L T\ 7z, Shirane et al. X 1989 4F @
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Lo B allii & LT 7HEHKE (SALO0OI, SAL002, SAL003, SALO004,
SAL005, SAL006, SAL007) DJZHE & Rtk ZzB%E L CTHH, 0
> b RORE 2 16 TH S 4 WK (SAL003(Table 12), SALO00S,
SAL006, SAL007) I B. aclada, #t{R% 32 TR TH 5 3 Fitk
(SALOOI(Table 12), SAL002 ¥ X ¥ SAL004= NBRC9430) % B. aclada
L B. byssoidea (B0t 16) O~ A 7V v FTH 23 B.allii TH - 7=
EHEZE I N B, SAL00S (SR R ZERERY;, SAL006 B L U
SAL007 (ki E L EEABMG OMREFER K TH 2 LFHHI L TwE 2 &
H, WIEhoOHIFICE W TDH 1989 FLLAT 2> & B. aclada XFHE L T\
7= Al BETE 23

7t ¥, HE T FE R E DR X L7z Botrytis sinoallii (Zhang et al.

2010b) IZEHN TIRER S Nind o 7=,

AN T 2 EZEICO W TiE, LifFEO X~ ¥ o0t L 2K
BISBIEE D 5 b B. aclada b B. allii TlX, XV XA I XY —iftEo
HIRMEE S K& B o 72, B aclada TIREWNITIA L MERDIZD S
N2 L, B alli CEEED LN o7, Wil T K GE
NS 5 & 10—25°CIT BT, B. aclada D1 BGHE 28 F <,
WK E 2% 2> o 7 (Fig. 12) . #EHA L 2EZ I T WilifE o
AEBRICBWT, BETFEREPRZ20REERTFERETH Y, &
WoMERL L CHAIMEESSR 2RI EL RS2 EELZLNS,
Aspergillus fumingatus Fresenius Tl¥, BE TR I N 2 BHEHMR O KT
DIEEFNMM R AR ER ORI ICA IR THLZ LEZLNT D

(Zhang et al. 2015). T o Z kb, MR coOMFKEE O & B
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aclada DJ7 S BIENERZR C 2 3 <, HAM RO HI I 7% 2
SAREE R EZ LN S, MAT, #ElLoBETIIREFEIRATHS
L¥nhde—tvav s rur4 oyl (Staatsetal. 2005) 2
OAER L 7z R4k (Fig. 15) Tld, %72 2 3 #usl 5 & 2@ L 7= B. aclada
Dt PER A T b EZEKR S B. byssoidea & 13 B 5 F—~DO K& %7
JAX—ICBL, BENERIEL TR, ZoZ LIEAPFETHSL
PICLTERY XL I 27— iz, BEENcB 22554282 B

aclada EFic kT 2 [gEHEDR TR I N 5.

= A X OETHIEICE T 5 REMAEEL 30 HT, o FEEY
LHBLTOMmD TELWEYTH 5 (JLilFERBEE  2003). K EJEHK
BIXHERIRECTCRE L ho72db DD, BENESFEEDY X7 iTHT
LAIGHEE LTI, 2> FoRBEBERE 2 REICT 2 K
Lo TC&E . RifFE T ~AFORKFICH T 2 K2 EBR I
SOVBRARZZLEPHOLER ST ER L, HHEMEBT 2720 D
PrEMARFZRE L AAREICRLZDDLEEXLNS. RIFFETRL
28 L WK B S BRFGBR (Fig. 17)1d, 2~ XD EEHHBRNRTH 3
HBEEMR ORI & Ea b, MREFCHROEmEF LT 2
ZeT, BRI EHIR L OO K EERIR O % FE 2 BEES 5 LA
RELEZOLND.

AR DOERBABED 2~ FREORBICHET L L 2lHio
TR LR,

51 F SC Rk
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1. 2011 ~2014 4F I F CEHN D £~ % FpEH 2 Wil 38 F 0 L FEH TR D
Frth o RN EZR/EL 2L 25, BWREIRBa vy 7+ 1 EH2V R
% C 3, FHTOIMEDT I o7, FREBERICHEIT 2R E» 5, #FHH
VAR 208 L 72 Wife i e BN X Ir sk h o B Mo KA 2R T 5 2 & 295
SN, F, KEFEIRE L 5°CORIE T MHE O £ £ S ICRET
520 KIBRFORREIZOBRBEL LR > CTHMBRERELIC W L
fER TN BRI X 2R M ~DEE, RUIVIEEXDOENIC X 2 REFHR D

AITHERE LD o T,

2. IEREWIRi B & PCR-RFLP D &5 R ICHE 5w T, N O Jk @5 SO R % 7 [ E
L 7=. Botrytis allii & Botrytis aclada D Wi E 23 L#HEE D & < F ¥ O K A& K
JWICEHE L T w3 2 e 2BHO I L, WEE LT Botrytis aclada % i 72 1<
BML 72 BN 8o 2~ 4 FEMMTHKTORKERELZLE TS, B
alli 13 8 #il 3~ X C,B. aclada 13 6 H3{ THEFRE I /=, MifE X LIXLIXERLE
L, B. aclada I DAL TWEZ RS 2L o7, B EEITHIESP
FRCTHEREo7n, WU T B alli BERE - 7. WM IZEERENFE, &
mEICEIT AT, WEECE W THEREZZFED bk d o 228, 25°CIc

B AAFEKIT B. aclada TR W{HE PR D b 7.

3. Ik EICEIT 32 2~ FIKOBBBRIFEON VY X4 I 2 — itk wEE &
N7z, B oallii 13 3 X T2, B. aclada ¥k T35 i 23 5 A48 B 1 4y Bl X
Nz erns, FEAMMYE B aclada BIENICIALS DT b2L, BXU B

allii ¥ B. aclada TRV XA I X = ViiltEDFREITR RS L BHL L
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mol. LI, FAZ77A—FAFALER) INE, BGRBRCHEDL A
WZLERIERLEZ. S DRV AL ILY —AitED R RECTRE T LT W
2 B-Fa—T7YVvHBIETOalFNy 198 itk iF 5 1 HABWRSHER S L, Wt
Mk TIZ GAG » 5 AAG ~DERNHL » &7, B cinerea &L
HSP60 &7 BeH 2 o 1% b L7z F i < lx, ek & b0 &2 W0 B. alli &
B. aclada % B. byssoidea 3G EN 2D K& /7 7 AX—L % T 2Nk 7
— F2FEEL, BN THE S W2 B aclada tk1x £ ~ 4 ¥ o 7 BUE W 2>
LM ENZHMBORCIRELZZ2ERENERE > 2 £ B ICH KT 5 ok

TEARE T T

IR - RO E I X B R L 2 25, ERIEKRI~EKRT O
O ICRR L 2R E 2 INER I I ER~BZ R E L IFE T oz To
FIRICED L MR L., 2>AFRIKEFBORICELE L LT IR - &
BAT =Y ZW o513 5700 REMEREZ T - 28R, RY) Y B~ IEE
AT & D b, BRI KRG ~ BRI O R CRINRE LR 25 2 LWL
g o fe. T K TR EE IO O B BRI 13K ) ~ IDORE TE AT I B 2 i 2
NTWV2EH, 2AFORFICNT 2RO LTI oA L, ZRID

A O ERIE K FAda A ~ IR I s BRIl & L TEHETH 5 2 & 2R L 2.

IR B BRI 2 BRE L 2 M5B i s v, BRI E TPl L2 IX

TIEBIBRAIEAE o . BRI L v % (RY) Y, INEEERT) DPiRIC X
2R oM xR o, FRHAE CHAKETEBE O E AR CTH 5
AWt oz, CORMIR, A~ A FOHEEFETDH 5 HIEK

DFFFREFIA & I3ITE R 5 &2 6, HBEEERN & [ R 1< K 8 Bois 1c b 2 31
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DHBHEANERAT 5 LT, AR EZEL T Lo IRENICIKEBIEK

A D% 5% BT E BRI RZMEL .
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